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From metal to rubber, or from rubber to metal... 
complete interchangeability of parts...is only one among 


many WILFLEY improvements and features that mean cost- A Companion 
reducing efficiency, reliability, stepped-up production and to the Famous WILFLEY 
worth-while power savings. In addition to rubber, WILFLEY — 


wear parts are available in electric furnace iron and other 


materials individually engineered for cost-saving effi- 


Buy WILFLEY for 
Cost Saving Performance 


ciency on your job. An economical pump size for every 
purpose. Buy WILFLEY for lower operating costs. Write 


or wire for details. 


WILLE 


A. R. WILFLEY & SONS, INC. 
DENVER, COLORADO, U.S.A. 
New York Office: 1775 Broadway, New York City 
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steel... 
containing 2.00 to nickel, 0.9 to 


TO MEET A VARIETY OF DEMANDS 
Taylor-Wharton’s “Alloy No. 80” is utilized 
in castings such as this cement mill outlet grate, 
and for other applications where parts may be 
used rough-cast. They can be finished-machined 
where dimensional accuracy is required. 


Advantages excessive weight. TO OBTAIN HIGH ABRASION-RESISTANCE 
of Alloyed Over Plain Safely and economically . . . cast Whartoa Iron & Steel Company. High Bridge, 
Carbon Steel Castings nickel alloy steels with high carbon pest 0459 bon, 2.00% nickel 1.50% 
1) ve Contant may be varied Irom 300 600 
CHER VIELD STRENGTH to abrasion, and withstand shocks, 
2) LESS BULK cad DEADWEIGHT fatigue and various complex stresses 
encountered in crushing, grinding, 
@ mons wear resistant and other processes of the mining, FREE... 
milling and smelting field. Typical “Att COUPON 
@ RESPONSE TO HEAT TREATMENT 
Crusher roll shells 
Tube mill liners The International Nickel Company, Inc. 
@ Grizzlies Dept. M.E., 67 Wall Street, New York 5, N. ¥ 
6 LESS EMBR at Dredge tumblers and gears Please send me your 32-page booklet entitled 
Cams and teppets “NICKEL ALLOY STEEL CASTINGS IN INDUSTRY” 
Crusher frames 
st Name Title 
Here are castings that provide Cor wheel tea 
ic. high mechanical properties without Kiln tires _ 
City, 


THE INTERNATIONAL NICKEL COMPANY, 


67 WALL STREET 
WEW YORK 5, WY. 
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INC. 


where use means abuse 
td CAST ROLL SHELLS OF THIS 
THOSE OF FORGED STEEL 
widely used in Canada, often interchangeably wich 
R . those of forged steel. This steel is a product of 
4 A + Dominion Foundries & Steel, Led., Hamilton, Ont. 
r 4 
... specify 
NICKEL ALLOY 
STEEL CASTINGS 
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; 2. Variable timing of cleaning 
cycle according to dust load 

insures constant volume of 


air handled, and of dust col- 
lected per square foot of 
cloth between cleaning cycles. 


Automatic Bag Type jl 
Star of 


Shows How Natural Principles Are Best Applied In Dust 
Collection For Efficient. ..Low Cost... Continuous Duty 


ONTINUOUS operation at full rated 
capacity is the reason for the many 
installations of Norblo automatic bag 
type equipment in the zinc and lead 
smelting, the cement and rock products, 
the chemical and the milling industries. 
~ Rugged construction, basic unit com- 
partment and few moving parts combined 
in a fully functional coordinated design 
insure very high efficiency and very 


The Northern Blower Company 


* 

4. Any compartment may be 
cut out of operation as long 
as desired for bag repair, on 
the clean air side, and all 
other compartments will re- 


low cost of operation and maintenance. 

A most important advantage of this 
equipment is its adjustment for varying 
dust loading, which can be made in a few 
minutes without shutting down the in- 
stallation. 

Let us send you Norblo Bulletin 162-4 
describing in detail and giving dimensions 
and capacities of heavy-duty automatic 
bag type equipment. 


Avtomatic and Standard Bag Type Fume and Dust Collectors, Norblo Centrifugal and Hydraulic Collectors, Exhaust Fans 
6424 Barberton Avenue 


. Cleveland 2, Ohio 
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4 1, With 78 cylindrical bags 3. Shaking and cleaning in- 
per compartment all the cloth wr ——, volves only one compartment 
area of each bag is in active . f{ ‘ at a time. During this short 
use and bags are kept fully period the vigorous reciprocat- 
distended by air moving up- ; | ing shaking and reversed air 
J ward inside the bags. 1 flow insures cleaning of bags. 
main in operation. 
: Dust Collection 
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4-Positien The new Model “B” Spectrophotometer is by far the 
—_rr outstanding routine instrument available. It provides advance- 
of ony of ments pioneered in the Beckman Quartz and Infrared Spectro- 
ng ~ photometers but never before offered in a low priced instru- 
Madham ESS ment. These advantages are important because they combine 


simplicity, convenience and versatility without sacrificing ac- 
curacy and reliability. 


The Model “B” has better ultraviolet performance ... 
better resolution ... better wavelength and photometric ac- 
curacy ...and more freedom from stray light than any other 
instrument in its field. 


Accommodates lerge cells up to 50 m. m. path | 
length in stondord cell carrier. 


A descriptive bulletin on the Beckman Model “B” 


Spectrophotometer will gladly be sent on request. Write today. 
Beckman Instruments, National Technical Laboratories, South 
Pasadena 40. California. 


MENTS CONTROL MODERN INDUSTRIES 
—Spectrophotometers— Radiation Meoters—=Speciel Anclytical Instruments 


| AEG 
: THE BECKMAN MODEL “B” SPECTROPHOTOMETER 
ADVANCED FEATURES 
! DESIGNED INTO THE MODEL "B” 
CON VENIEN CE: 
Direct reading wavelength scale. ..320 to 
1000 ... readings to Note simpy of 
Resolution—permits less than 5 millimicron ; 
bond width over most of spectral range. 
liquid, selid end gaseous samples may be 
onalyzed. 
Monochromatic light beam is easily brought : 
b outside the instrument for long path measure- 
ments and special uses. 
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* SUPERHEATED WATER eee Mining operations are 


most successfully carried 

out if the water pumped 
into the sulphur deposit is heated under pressure 
to a temperature of about 320° F. For large scale 
mining, enormous quantities of water are re- 
quired, so, a primary requisite is an adequate 
supply of suitable water and an efficient power 
plant in which to heat it. 


To insure a continuous supply of water at New- 
gulf, it is the practice to use river water pumped 
in time of flood or full flow and stored in large 
reservoirs. This supply is supplemented, when 
necessary, with well water. Water so obtained is 
seldom suitable for use in boilers or mine water 
heaters without being treated first because of 
natural salts in solution. Softening by chemical 
treatment is necessary to prevent deposition of 
scale on boiler tubes and hot water lines. 


KUM | 
concerning ‘This Basi 
ng 
interesting Facts the Gulf Coast Region 
Raw Material from 
nq operat ya at ons th 

re 75 East 45th St. New York 17, N. Y. Inc. 
> Mines: Newgulf and Moss Bluff, Texas 
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Annual Additions 


the Flotation 


Complete 1948 bibliography of available material on the flotation 
process is listed in the nineteenth annual supplement to the Flo- 
tation Index—now ready. Obtain this authoritative compilation. 
Many of the publications listed-are of unusual interest. 


FLOTATION FUNDAMENTALS... A Comprehensive Handbook 
Flotation from the beginning—from bulk oil through the froth 
method and Xanthates; elementary principles of Froth Flotation, 
and a broad, clearly discussed treatment of modern processes and 
reagents—these and other related subjects, including uses and 
applications of Bear Brand Xanthates, are covered in the newly 
issued booklet, “Flotation Fundamentals”. A copy will be mailed 
upon request. 


Ve 


BEAR BRAND 


Great Western Division + THE DOW CHEMICAL COMPANY ~~ = San Francisco 4, California, U.S.A. 


Pioneer Producers of Xanthates for Metallurgical Use 


Great Western Division, The Dow Chemical Company, 
(Dept. C) 310 Sansome St., San Francisco 4, Calif, 


(C Send the 19th Annual Additions for the Flotation index. 
CO Send « copy of “Flotation Fundamentals”, (2nd Edition) 


Ask for your copy! 
Simply fill in the 


Address 
coupon and mail! 
Firm Nome 
Position. 
6... Section | MINING ENGINEERING JUNE (9 


XUM 


a. 


S.A. 


Screened 23 Million Tons 
Aggregates for Coulee Dam 


HEN GRAND COULEE DAM, one 
of America’s greatest engineer- 


Northern Washin 
heavy-duty Allis Chaltners Siple B Style B 


cay. 

They screened millions of tons of 
pte-scalped pit-run material — sand, 
gravel, ch of sharp rock as large 
as 6 inches ... sometimes feed ran as 
bigh 28 4.000 tons per hour. 

Yes, when that job was done, 23.- 
these 5 by 10 ft double 
And they were by no means “finished.” 
Farmed out to other sites, they con- 
tinued their useful screen life for years. 


CHECK IMPORTANT FEATURES 
Performance like this is something you 


can expect when you specify Allis- 
Chalmers vibrating screens for your 
job. They're built of high tensile steel 
alloys. Screen cloth support frames are 

“stress-relieved” to eliminate possible 
strains around welds. 

You choose from five separate types 
of vibrating screens — for any applica- 
tion, from pit-run scalping of 3 by 4 
ft pieces to fine 35-mesh sizing. 

Every A-C screen recommendation is 
based on a thorough analysis of opera- 
ting conditions by a trained screen en- 
gineer. There is an A-C man in your 
area who can help you cut screening 
costs . . . increase capacity, Call him 
today. A-C offices or distributors in 
principal cities in the U.S. and through- 


out the world. 
A 2632 


Aes 971A SO. 70 ST. 
MILWAUKEE, WIS, 


ALLIS-CHALMERS 
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AND OTHER EQUIPMENT 
FOR THE CRUSHING, CEMENT 
AND MINING INDUSTRIES 


| 
Kilns. Coolers, Dryers Jaw Crushers 
st - 

| Hoists Mills 

| 
{ 
| 


Iron and 
Steel 
WS, 
Abrasive 
Minerals 


* Write now for 32 
page reprint on 
“Wear Tests.” 


® Reprints of an informa- 
tive and authoritative paper 
(published by the American 
Institute of Mining and 
Metallurgical Engineers), 
giving the statistical results 
of extensive wear tests on 
a wide range of grinding 
ball materials, are now 
available. 


® “ Abrasion Factors” for 
materials of different com- 
positions and _ treatment 
have been developed from 
the results of these tests. 
These factors can be applied 
to many other abrasive 
conditions. 


® This is information not 
yet available in book form. 
Write for your copy now ! 


Letter to the Editor 


Recruiting for the Mining Industry 


A distinguished engineer and edu- 
cator comments on our April editorial 
“What does the Mining Industry Offer 
the Young Engineer?”: 


I do occasionally have to attempt an 
enswer to the question your editorial 
poses. One can, of course, begin by 
pointing out, as this editorial does, 
that “This industry is essential to the 
American economy and the highest 
calibre men are needed.” 

One can go forward with some sug- 
gestions as to the great advances and 
operations in mining. The fact is 
this industry has been “tops” in its 
development of mechanization, in the 
power made available per worker, and 
in maintaining costs under the con- 
stantly increasing difficulties of han- 
dling lower-grade and more deeply- 
hidden ore bodies. These numerous 
developments are interesting and stim- 
ulating to young men of the engi- 
neering turn of mind. 

But the profession as a whole does 
not seem to realize that we are in a 
new era. A fundamental change is in 
progress in engineering employment 
and, if mining wants to attract the 
best of today’s students to the profes- 
sion, the industry must revise its at- 
titudes and methods. 

In the old days the civil engineer, 
for example, started as a surveyor or 
draftsman. You will find today that it 
is rare indeed that a progressive in- 
dustrial organization has any college 
graduates in its drafting rooms or on 
its surveying forces. Mighty few in- 
dustries go to their drafting rooms 
when they seek men to promote to 
their engineering forces. The line be- 
tween the technician and the college 
trained engineer is being ever more 
sharply defined. Engineering is con- 
stantly becoming more complicated, 
techniques more exactingly scientific 
and involved. Year by year fewer 
men can rise to professional status 
from the technician ranks. It is a 
basic characteristic of a profession 
that it becomes increasingly difficult 
for one to achieve professional stature 
through experience and self-study, 
Special instruction is essential and 
those who have it do not expect to 
start as draftsmen, or as workers in 
a mine. Industry hires both tech- 
nicians and engineers. ~~ 


Then there is another problem. The 
modern progressive industrial organi- 
zation realizes that, if it wants to se- 
cure the best graduates of our engi- 
neering schools, it will have to go 
after them. You cannot expect them 
to come around knocking at the door, 
looking for a job. You may say: This 
is due to a shortage of engineers. It 
will be different when jobs become 
fewer. As a matter of fact, college re- 
cruiting, so-called, is not a new story, 
not a war baby. It has been a grow- 
mg activity, stimulated undoubtedly 
by the tremendous postwar demand 
for engineers, but long recognized as 
the best way to get the best man. 

When a student knows that he will 
be interviewed “on campus” by in- 
dustrial representatives and will have 
several offers before he graduates if 
he is heading for the chemical, elec- 
trical, or manufacturing industries, 
whereas no mining companies ever 
send recruiting officers to the college 
and he will have to chase a job in 
mining for himself and will probably 
have to begin as a practical miner— 
well, unless his romantic make-up is 
strong, his interests will turn in other 
directions. 

Our railroads are also “an industry 
essential to the American economy” 
but, with very few exceptions, they are 
in the same boat. Even our govern- 
ment engineering services, however, 
recognize the new situation and are 
taking steps to develop real recruiting 
programs and to enhance the oppor- 
tunities of their staffs for continued 
professional growth and development. 
The college graduate is a college 
graduate because he is ambitious. He 
seeks that employment which gives 
greatest promise of satisfying these 
ambitions—and I do not mean purely 
financial rewards. He's a lot more 
mature in this respect and a lot more 
analytical and thoughtful in reaching 
a decision than many of the gradu- 
ates of the good old days. 

As one who has long had an in- 
terest in the mining profession I sin- 
cerely hope that the efforts of “Min- 
ing Engineering” to spread the new 
gospel will not end with the straight- 
forward, realistic, and courageous edi- 
torial in your April issue. 

James Kir Finca, Dean, School of 


Engineering. Columbia University 
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TREASURE... 


Long thought a treasure house of oil and 
mineral resources, Africa’s new explora- 
tion and development flies ahead today 
with giant aerial strides. To speed indus- 
trial reconnaissance of the Dark Conti- 
nent’s great areas, American oil and 
mining interests rely on two precise 
mapping tools—the aerial camera and the 
newly developed airborne magnetometer. 


Now the mapping plane explores any- 
where, from the treacherous Canadian 
muskeg to the tsetse-ridden African 
jungle. In South Africa for example, the 
survey plane maps over terrain so 

that ground parties would need months to 
cover the area flown in a single day. In 
Mozambique, the wild elephant herds, 
fierce rhinos and lions, as well as malaria 
cnd sleeping sickness, make ground sur- 
veys both slow and hazardous. At a 
fraction of the cost of ground work, the 
aerial survey collects engineering and 
geologic facts. And the airborne mag- 
netometer probes the earth’s crust for 
magnetic data—important guideposts for 
oil and mining geologists. 

With 30 years’ world-wide experience, 
Aero Service Corporation of Philadelphia 
is mapping a vast concession in Mozam- 
bique for an American oil company . . . 
also areas in the Union of South Africa 
for large mining interests. AERO will de- 
liver mosaics and magnetic maps, as well 
as topographic maps for engineering 
planning. 


Experienced Agro personnel bring im- 
portant savings to mapping programs. 
Agro’s record also includes many domes- 
tic mapping assignments for highways, 
city planning and tax maps. Ask AERo’s 


engineers how aerial mapping can speed 
your work. 


AERO 


SERVICE CORPORATION 
236 E. Courtland St., Philadelphia 20, Pa. 
Oldest Flying Corporation in the World 
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Flying Magnetometer speeds 
hunt for new oil, mineral 
resources in Africa 


gold mines. These tailings, sometimes as high as 200 feet of oozing mass, rarely solidify. 


Barefooted, uneducated but friendly, these 
natives are their own beasts of burden. 


Fierce elephant herds and other wild life Trek wagon and oxen, a typical 


are found within only 40 miles of Lourenco South African trucking facility, 
Marques, Mozambique’s “‘Miami Beach.” bring gas to refuel the survey plane... 
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Thorough pre-flight check of the high 
sensitivity airborne magnetometer. 


Cyanamid Mineral Dressing Laboratory started 27 years ago 
as a humble one-room laboratory housed on a dock at the 
far end of our Warners, N. J. plant. It was founded — and its 
expansion has always been based — on the simple principle: 


Cyanamid Reagents and Processes can never be better than 
the testing which precedes their application on your mill. 


Today, the work of the Cyanamid Mineral Dressing Labora- 

tory is just as important “A Cyanamid Product” as a drum 

of Aerofloat* Reagent or Aero Brand Cyanide. Most fre- 

ently, its findings come to you as a “Cyanamid Mineral 
ing Laboratory Report.” 


Just what is back of that Report? 


Net, a Cyanamid Mineral Dressing Report summarizes the 
findings of scores of metallurgists, microscopists, physicists 
and testing engineers who in turn can draw upon the com- 
posite experience of nearly a thousand scientists in other 
departments of Cyanamid. Not even a small fraction of this 
technical talent and facilities could be economically justified 


by a single mining property. 


4 
4 
# 
WY 4 — | in 
4 


nomic. Frequently, however, C Fie 


Obviously, the scope of the work going into each Cyanamid 
Mineral ete Laboratory Report differs with he specific 
problem. But, as the need warrants, a Report may combine 
the results of examination, exhaustive physi- 
cal and chemical anal pilot plant testing by gravity, 
flotation, cyanidation, Heavy Media Separation, Dutch State 
Mines Cyclone and various combinations ‘of these methods. 
Conclusions are based ture study and sound inter- 

retation of the test di Pon 

ow 


year num 
come principally from new ore 


new deposits being opened om existing rties a 
mills whose flow must mera 


offer practical hel > att 
proh 


invite correspondence“ind discussion with Cyanamid 
Field Engineers as to how the services of the Cyanamid 
Ore Dressing Laboratory can help you to increase yield, 
reduce cost or both. 


* Aerofloat is a registered trademark of American Cyanamid Co. 
applied to certain flotation reagents of its manufacture, 


AMERICAN Cyanamid COMPANY 


MINERAL DRESSING DIVISION 


30 ROCKEFELLER PLAZA 6 NEW YORK 20. NEW YORK 
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Nine Years the Job... 
Crushing Tough Trap Rock 


pree IN 1940 by Bird and Sons, 
E, Walpole, Mass., this Type R gy- 
ratory crusher has been in operation 24 
hours most days reducing hard, abra- 
sive trap rock for roofing granules. 

Trap rock is tough on crushers. Yet, 
so little “time out” for maintenance 
has been required since this machine 
was installed that these owners say it 
os remarkable job for this kind of 
work. 

In the modern Type R crusher, Allis- 
Chalmers has achieved both maximum 
strength and the elimination of exces- 
sive weight. It's built of sturdy steel 
construction with wearing parts made 
of heat-treated manganese steel. Fully 
automatic flood-lubrication of moving 

rts contribute to long operating life. 

esilient mountings protect crusher and 
building from destructive vibration, 

Type R ceusher gives you maximum 


ALLIS-CHALMERS, 971A SO. 70 ST. 
MILWAUKEE, WIS, 


ALLIS-CHALMERS 
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crushing capacity. That's due to the sci- 
entifically shaped crushing chamber... 
which also results in a more cubical 
product. 


MAINTAINS EXACT PRODUCT SIZE 
It's a topnotcher in operating conven- 
ience, too. “S -Set” control of crusher 
setting permits adjustment to exacting 
product size with turn of hand crank 
. . . easily, without stopping crusher! 
Automatic Reset lowers the entire 
crushing head hydraulically to pass 
tramp iron and other uncrushable ma- 
terials .. . then brings it back to previous 
setting smoothly and without shock. 
Find out more about Type R crush- 
er's cost-cutting advantages from the 
A-C representative in your area, or 
write for Bulletin O7BG6006E. A-C of- 
fices or distributors in principal cities 
in the U.S, and throughout the world. 


A2653 
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Gyratory Crushers Vibrating Screens 


AND OTHER EQUIPMENT 
FOR THE CRUSHING, CEMENT 
AND MINING INDUSTRIES 


an Allis-Chalmers trademark 
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Speed-Sot is 


fast drilli 


PROTECTED AGAINST SLUDGE by constant 
and fully automatic flow of cleaning air. 
HIGH ROTATIVE POWER. 4-pawl rotation 
—under finger-tip control if desired. 


LONG WEARING CHUCK END preserves 
shank alignment and prevents weaving. 
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pisnceg Weight 


for greater safety 


Close quarters—high scaffolding — these 
spots are safer for runners handling the per- 
fectly balanced R94 Stoper. Light weight— “ 
careful weight distribution — and correctly 


3 alanced Power 
for faster drilling 


Hammer blows and feed leg push are in per- 
fect balance at any pressure — resulting in 
matic short stroke valve that has made the 
Gardner-Denver R104 Stoper famous for 


Gardner-Denver R94 Self-Rotating Stoper 


Here are other big advantages of the R94: 


SMOOTH FEED CONTROL with a simple 
turn of the wrist. 


CONTROLLED LUBRICATION from integral 
EXCLUSIVE FEED CYLINDER has tapered 
bushing for easy renewal. 


Write today for complete information on the iain 
100-Ib. Gardner-Denver R94 Self-Rotating Stoper. 


Gardner-Denver Company, Quincy, 


‘DENVER 1859 


ae placed holding handle practically eliminate 
” 
nose-dives. 
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The JOY HL-3 Shovel Loader 
for small drifts. Can load up 
to 2 tons per minute, 


They mean Lower Maintenance—Faster Loading at 
Less Cost—Greater Flexibility 


automatic CENTERING DEVICE, an 
exclusive JOY feature. Quickly and eas- 
ily adjusted to have centering gs ce 
at any point in the loading cycle. 

loading under inclined walls easier, and 
gives a longer, straight throw back into 


Car. 


SUPERIOR CONSTRUCTION . 
truck frame, gear case, and bumper are 
all combined in one heavy alloy casting 
for perfect alignment of pares 


M2099 


WRITE FOR BULLETIN 


@exclusive “PISTONAIR” MOTORS 
- ++ give greater power for loading and 
tramming, and provide better air economy. 
@a LUBRICATION SYSTEM that is 
simple, yet provides ampie lubrication 
for all moving parts. 

@ adjustable ROCKER-ARM LEVER- 
AGE, another exclusive JOY feature. By 
changing position of lifting chains, the 
loader can load either long or short cars 
by changing discharge speed of bucket. 


MANUPACTURING 


A typical G-E wound-rotor induction motor, 1000 hp,, driving 
an ore hoist at a lead mine. G-E induction motors, ranging 
in capacities from 50 to 3500 hp, provide the simplest, least 
expensive method of obtaining the advantages of electric 
drive for mine hoists. 


A typical G-E 3500-hp wound-rotor induction motor geared 
to a main mine hoist. G-E motors and control equipment for 
mine hoists, designed and built for rugged service, have been 
on the job for many years in hundreds of mines throughout 
the country. 


This 600-hp G-E induction motor is one of 16 identical units 
in a large Eastern mining operation. To meet specific duty 
cycles, G-E mine-hoist control uses the “definite-time” accel- 
erating relay system that requires fewer interlocks, employs 
simpler panel wiring, and affords longer relay life. 


Photo shows a G-E 250-hp wound-rotor induction motor driv- 
ing a man-and-material hoist in a Wyoming metal mine, 
G-E mine-hoist induction motors are low in upkeep cost, and 
require little or no maintenance attention. They need only 
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| routine lubrication and occasional brush renewal. : 


all 


with a G-E “hcron’” Mine-Hoist Drive! 


Here’s your reliable, low-cost way to high- 
tonnage ore hoisting! With a General Electric 
a-c mine-hoist drive, you combine the basic 
advantages of simple operation, low first cost 
and upkeep, and high efficiency. 

In the G-E wound-rotor induction motors 
used for this service, the stator and rotor wind- 
ings—specially insulated and securely braced— 
are ample for full “plugging” operation. All 
hoist-motor rotors are also strongly banded 
in place to withstand frequent reversing and 
above-synchronism operation. 


G-E enclosed mine-hoist pri- 
mary control panel includes 


SIMPLE CONTROL. Speed regulation is simple, 
and controlled through primary and secondary 
ts contactors by a master switch mounted at the 
ty operator’s platform. Seven to ten successive 
“ speed steps are provided, from standstill to - 
full-speed running position. Efficient, adjust- 
able-speed control of overhauling loads is 
obtainable, where indicated, by dynamic brak- _ 
ing, in which d-c excitation is applied to the ae aa thr ons 
-E hoist control is designed to give maxi- ane tie 
mum protection to machines and personnel in ‘4 ‘quick, easy installation. Front 
the event of abnormal operating conditions. ond 
More than 700 performance-proved G-E 
drives—both a-c and d-c—are now helping 
mines throughout the country to step up pro- 
duction, and reduce hoisting costs. Whether 
you're installing a new hoist or modernizing —G»— 
an existing one, an experienced G-E mining 56) 
Specialist will gladly size up your problem, 
and help you meet it economically. Call him MOTORS ‘ia co 
at your nearest G-E office. Apparatus Dept., N TR 0 [ 
General Electric Co., Schenectady 5, N. Y. ‘om 
fo help the mining industry 
cut costs electrically! 
riv- 
ne. 
and 


GENERAL ELECTRIC 
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| 
oil circuit breakers, air-break 
reversing contactors, line dis- 
connects, and current and 
potential transformers, 


Sweeping statement? Perhaps . . . but look at these facts and see why the new Dorr Type PL 
tops them ail for heavy duty operation. 


to tank bottom . . . no matter where point of load occurs. 


developed for similar duty! 


TRIANGULAR CONSTRUCTION THROUGHOUT... 


of triangular truss construction. All Type PL structural members form triangles for 
rigidity and strength. 
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“Non plug” center cone discharge, 
kept open by a special “tickler” scraper 
... simple, single turntable design . . , 
both add to the ability of the Type PL 
to handle the heaviest loads without 
balking. 

Where units of 100° diameter and 
larger are required in phosphate rock, 
sand, coal or any field where the going 
is really tough . . . the Dgrr Type PL 
is the answer. A Dorr engineer will 
gladly give you more detailed facts on 
this new developmert. 


THE DORR COMPANY, ENGINEERS 
570 LEXINGTON AVE, NEW YORK 22, N.Y. 
ATLANTA * TORONTO + CHICAGO 
DENVER + LOS ANGELES 
WESTPORT, CONN. 


SUGAR PROCESSING 
PETREE & DORR DIVISION, NEW YORK 22, N. Y. 
Services Are Also 
T and 
ble cicted Componies ond Rep- 
resentatives in Principal Cities of the World. 
Names and Addresses on Request. 
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In case of shut-down, a powerful hydraulic lifting device will 
raise raking mechanism up to 2 feet off tank floor. Parallel and hydraulic lifts are integrally 
designed . . . with hydraulic lift cylinders acting as shock absorbers in case of sudden torque 
i loads and eliminating sudden drop of raking mechanism. 
i Drive unit is low center of gravity, balanced spur 
gear drive delivering 800,000 foot pounds torque. Twice as powerful as any drivehead yet — = 
DORRCO>g 
maximum 
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Supporting the American Way 


Qe of the favorite topics for 
after-dinner speeches and editorials 
these days is the encroachment of 
government on industry which some 
think presages the approach of the 
socialization of our economy. This 
subject is vital to professional men in 
the mining industry, for many of 
them ultimately become the leaders in 
this field. The mining industry was 
founded on the system of private en- 
terprise, and individual initiative was 
the mainspring that drove the system. 
Thus it is that the very nature of our 
business, our education, and our up- 
bringing make the new trend odious 
to us. ‘ 

Industry has the answer to this 
threat and, if appropriate action is 
taken immediately, the march toward 
socialization can be halted. 

We propose a three-point program 
that can be started right now. (1) 
Edueate the public to the advantages 
of free enterprise. (2) Put into prac- 
tice a real program of intelligent man- 
agement that recognizes that produc- 
tion can best be achieved by the 
co-operation of capital, management, 
and labor, each receiving an equitable 
return for their investment, be it 
money or work. (3) Utilize engineer- 
ing methods to cut operating costs 
and develop engineers for executive 
posts by training them in labor rela- 
tions, economics, and public relations, 
as well as in operation. 


It is not enough that the public en- 
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joys the fruits of the American way in 
the form of material advantages; the 
public must have these things pointed 
out and be told where and how they 
became available. We have been too 
prone merely to discuss these things 
among ourselves, among those whose 
ideas run parallel to ours. It is time 
to take our arguments to the public 
through every available channel. 

In a recent address before the Ex- 
ecutive Club of Chicago, Harvey S. 
Firestone, Jr., recommended that 
channels for disseminating the supe- 
riority of competitive free enterprise 
could be found in addressing our 
employes, our children, Boy Scout 
Troops, YMCA members, parent- 
teacher groups, women’s clubs, and 
the like. He set down the realistic 
advantages of the system which are 
so widely taken for granted. 

In speaking of our superior stand- 
ard of living, Mr. Firestone nails it 
down with a few facts: 

(1) With only 7 percent of the 
world’s population, we have a higher 
degree of culture evidenced by our 
having more young people in high 
schools and colleges, more musical 
and literary organizations, more libra- 
ries and more distribution of the writ- 
ten and spoken word than all of the 
other ninety percent combined. 

(2) We hold a position of moral 
and spiritual leadership exemplified 
by more hospitals, charitable institu- 
tions, and probably more churches 
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per capita than any other country. 
Although the conqueror in two world 
wars we have aided friend and foe 
alike to rehabilitation. 

(3) For a comparison of material 
things between the United States, 
Great Britain, and Russia a single 
example is typical. There is one auto- 
mobile for every four citizens in the 
United States, one for every 22 in 
Great Britain, and one for every 252 
Russians. 

(4) Our system is tried and proved 
successful whereas other systems “are 
either untried experiments or down- 
right failures.” 

(5) Let us correct the impression 
that the owners get fabulous profits 
on every sales’ dollar whereas in 
reality it is more like three cents; 85 
cents goes for salaries and wages. 

(6) “Let us tell the real facts about 
who owns American business . . . 
Everyone of the 50 million Americans 
who has a savings account, each of 
the 54 million who has a life insur- 
ance policy, and each of the 14 mil- 
lien who has shares of stock or indus- 
trial bonds, owns directly or indirectly 
a part of American industry ... A 
national income study made by the 
Bureau of Economic Research of the 
University of Notre Dame, shows that 
90 percent of all wages and salaries, 
nearly 70 percent of dividends and 
interest, and 83 percent of income 
from rents were paid to those earning 
under $5000 a year.” This same study 
shows that, after payment of Federal 
taxes, only 544 percent of wages and 
salaries, 17 percent of all dividends 
and interest, and 9% percent of in- 
come from rents goes to those earning 
more than $5000 a year. 

These are the facts which should 
be disseminated to the public. 

In addition to spreading the gospel 
of free enterprise, progressive man- 
agement niust be fostered. While the 
public takes for granted the produce 
of our economy, industry may be 
guilty of forgetting that it takes the 
co-operation of capital, management, 
and labor to produce goods. Each is 
entitled to a fair return on his invest- 
_ ment. Labor unions have sprung from 
the abuses of management against 
labor. Most of these abuses have been 


abolished but unions will disparage - 


management as long as their leaders 
can find a crevasse of decay in which 
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to drive a wedge. By thinking ahead 
and forseeing needed adjustments in- 
dustry can inspire the confidence of 
labor and a condition of harmony and 
prosperity can mutually be realized. 
The workers must be taught that they 
have a vital interest in the prosperity 
of the industry in which they are em- 
ployed. If co-operation with manage- 
ment nets them the greatest return 
for their invested labor, it won't take 
much selling to convince them of the 
efficacy of the existing system. 
Another phase of a comprehensive 
program to entrench the American 
way against the rising tide applies 
particularly to the mining industry. 
More engineering principles must be 
applied in our operations and engi- 
neers must be broadly trained in all 
phases of company organization to 
ensure a supply of capable executives. 
Both large and small marginal prop- 
erties need superior engineering but 
frequently this is where engineers 
are considered expendable overhead. 
Some organizations don’t use their en- 
gineers to improve methods but per- 
mit them to spend several years on 
routine record work while waiting for 
a vacancy in a supervisory position. 
Frequently an engineer who has 


shown, good technical ability at the 
mine over a period of years is trans- 
ferred to the office and put to execu- 
tive work without any preliminary 
exposure to taxation, marketing, or 
policymaking problems. Engineers 
should be used for studying, planning, 
and improving operations, and con- 
stantly exposed to work requiring 
imagination and the ability to master 
a new phase of company business. 
Such a procedure will improve com- 
pany operation and insure a supply 
of properly trained men to fill execu- 
tive positions. They will have the 
background to ensure progressive 
management. 

Educating the public will relieve 
pressure on our legislators who may 
otherwise feel they must back pater- 
nalistic or industry-control laws to 
satisfy their constituents. Progressive 
management can remove the condi- 
tions that make regulatory legislation 
necessary. Finally, greater use of en- 
gineers and management training will 
pay the way for all with greater 
profits, making ore out of waste. Let 
each of us examine his station in life 
and see what part we can play in 
protecting our birthright of freedom. 


Industry Contributes to Education 


Recently we had the pleasure of 
accompanying a group of young men 
and women from the Department of 
Geology and the School of Mines of 
Columbia University on a field trip 
through Pennsylvania. We went 
through the Philadelphia & Reading 
Co.’s coal breakers, mines, slate quar- 
ries, and mills; the Nazareth Cement 
Co.’s pit and plant; and the Bethle- 
hem Steel Co.’s plant, Cornwall 
Mines, and mill. The pace was rapid, 
and we saw much in only three days. 

The value of such trips to both 
students and industry is unmistak- 
able. For the student, classroom work 
comes to life and takes on meaning. 
Paper work becomes the pulse of 
machines, men, and raw materials 
blending together to produce a com- 
modity. 

Now industry may find such hos- 
pitality expensive, especially when it 
provides guides, in-plant transporta- 
tion, and brochures or guide books 
for students, or the general public. 


To such co-operative organizations, we 
offer a vote of thanks. We are sure 
they'll find, however, that the seeds 
of sociality grow good crops. Many a 
young graduate has returned to a 
place where he was properly im- 
pressed, and become a worthy mem- 
ber of the organization. Then, since 
the colleges are training students in 
engineering and geology for positions 
in industry, it is to our benefit to see 
that they learn something about what 
their future careers will be like, and 
these visits provide a welcome glimpse 
into the years following commence- 
ment day. 

Some companies also find it advan- 
tageous to hold open house for their 
employes’ families and members of 
the local community, and thus develop 
good will and a broader community 
understanding of company problems. 

Take a second look when those 
eager students descend on you. They'd 
all like to be president of your firm. 
And one of them may make the grade. 
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Underground Space 
for American Industry 


a new job for the mining engineer, geologist 


Photos courtesy of Avietion Week 


be arranged efficiently underground 


By GEORGE A. KIERSCH ¢ CORPS OF ENGINEERS, SACRAMENTO, CALIF; JUNIOR MEMBER, AIME 


The awesome destructive power of 
known and projected weapons of war 
presages a new need for geologists and 
engineers, who may be called upon to 
locate vital industry underground, 
thereby protecting it from sky-borne 
destruction. The Corps of Engineers 
is now conducting special tests’ to 
establish design standards covering 
the general field of underground in- 
stallations as well as surveys’ of con- 
struction methods and the operational 
hazards connected with such plants. 

National planning must dictate a 
policy that is either tactical, where 
surface manufactured parts are stored 
underground and during an emergency 
assembled, or operational with both 
the manufacturing and assemblage 
completed in subsurface plants. Both 
plans of operation require the use of 
subterranean plants. Re-location of 
vital plants underground will prob- 
ably involve only a small percentage 
of the production capacity of this na- 
tion. The cost of rebuilding in new 

Views expressed herein are those of 
mot necessarily those of 
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locations. will obviously limit its adop- 
tion. 
Before these plants are built, re- 
search will be necessary to further 
determine the effects of explosion on 
rock masses and the type and size 
openings that can be constructed with- 
in these rock masses to withstand the 
dynamic stresses that might be im- 
posed on them. Construction tech- 
niques will also have to be studied so 
that these subterranean plants can be 
built rapidly and at minimum cost. 


A study of abandoned mines indi- 
cated that those in limestone, gypsum, 
and sandstone were the most desirable 
for subterranean plants, and that sev- 
eral hundred million square feet of 
usable space was available in such 
mines.” However, except for these non- 


“metallic mines, other existing open- 


ings may be unfit for subterranean in- 
stallations due to: location in struc- 
turally weak rock or alteration areas; 
not designed for maximum stress re- 
sistance; cross sectional outline too 
large or too small; shaft entrance 


only; water table too high; plan of 
workings will not conform to an as- 
sembly line layout. 

Some caves may be found to meet 
factory requirements, but the proba- 
bility of much remodeling is most 
likely. Commonly, caves do not have 
a uniform floor level, rooms are ir- 
regularly aligned, and have a high 
humidity. It is probable that an en- 
tirely new system of openings com- 
pleted by highly mechanized methods 
would compare favorably in over-all 
cost to an expensive job of modifying 
an abandoned mine or cave. 


reck structure important 

Some of the major engineering and 
geologic factors necessary for a suc- 
cessful underground construction pro- 
gram include: (1) site reconnaissance, 
exploration, and interpretation of the 
geologic conditions; (2) plant design 
and construction; (3) machinery in 
stallation and maintenance of these 
subterranean plants. 

Safe resistance to combined static 
and dynamic stresses is an essential 
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8. NORMAL TO STRIKE OF 
BEDDING OR FOLIATION 


property of any proposed underground 
plant site. Burden measured in hun- 
dreds of feet will probably be required 
in some rock types to protect ade- 
quately personnel within a large un- 
derground structure. Factors control- 
ling the depth of burden include: 
physical properties and inherent geo- 
logic conditions of the site rock, depth 
of penetration for the center of the 
explosion, and size and shape of the 
subsurface opening. A smaller open- 
ing will mean less static pressure on 
the walls,’ and increase the amount of 
dynamic stress the structure will be 
able to withstand. Knowledge of the 
sizes and shapes of unsupported open- 
ings commonly used in mining and 
tunneling will be of some value, but it 
must be remembered that few of them 
have been subjected to other than stat- 
ically imposed stresses. Studies such 
as those conducted by Wright and 
Bucky‘ can provide data on the ability 
of each rock type to stand unsup- 
ported under static loading, and aid 

js in the design of structures able to 
oe withstand a superimposed dynamic 


. |. Horseshoe cross-section in moderately-steeply dipping 


stress. C. W. Livingston, of the Colo- 
rado School of Mines, has designed 
a series of small-scale field experi- 
ments’ that can be helpful in estimat- 
ing the type and severity of damage to 


_be expected from large explosions in 


rock. These data will be valuable in 
comparing the properties of an un- 
known site rock with that of previ- 
ously tested and studied rock masses. 
Such investigations will be necessary 
for designing the underground plant 
and aid in the selection of a tunneling 
method. 

The size and location of under- 
ground plants, as well as the type of 
site rock and tunneling methods em- 
ployed will be dictated by the required 
plant layouts and the size of the ma- 
chines to be installed. Areal limita- 
tions on location may require changes 
in the original design to meet local 
geologic conditions. 

Subterranean installations should 
avoid areas characterized by an abun- 
dance of structural deformation and 
chemical rock defects. Jointing, the 
most common rock defect, may be so 


. 2. Tudor-type arch in gently dipping beds or foliated rock 
be impractical. of break. 


Note line 


closely spaced and extensive as to have 
major structural importance. The pri- 
mary joint set will probably cause less 
trouble if the centerline of the opening 
is laid out normal instead of parallel 
to the strike of these breaks. Sites in 
moderately to steeply dipping bedded 
or foliated rock will overbreak during 
excavation and slump on the up-dip 
wall (Figs. 1 and 2) and are thereby 
unsuited to certain designs. 

A thorough geologic exploration 
program is necessary prior to final site 
selection. An aerial photo survey, 
which can serve to reveal important 
rock defects, can be followed up by an 
adequate drilling program to prove- 
up the site and locate otherwise unsus- 
pected geologic conditions. The loca- 
tion of the water table above the pro- 
posed floor level, and the consequent 
necessity of redesigning construction 
plans, is one of the many obstacles in- 
herent, and discoverable, in under- 
ground construction. Certain geophys- 
ical methods of exploration can be 
used to determine boundaries between 
rock types and zones of structural 
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Fig. 3. Multiple headings, here shown, are adapted to modified Fig. 4. Easy rock handling is achieved by haulage below main 


room-and-pillar method of tunneling. 
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structure and connected by raises. Arrows indicate air flow. 
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weakness. In addition, horizontal 
drilling and pilot bores will serve to 
fill-in geologic information lacking 
from surface observations and drill 
core surveys. 

Subterranean plant design must 
combine the technical skills of min- 
ing, tunneling, construction, and geol- 
ogy with the principles established 
by past and future research in the field 
of protective construction. 

The Germans employed two types 
of plants.° The semi-underground 
bunker, a solid reinforced concrete 
span, was used where tunneling was 
impossible. Subterranean plants lo- 
cated in abandoned mines and quar- 
ries revealed nothing new in design to 
the American engineers.” 

In Sweden, where several under- 
ground plants are now in operation, 
the Tudor-type arch (Fig. 2) has 
been adopted for cross-sectional de- 
sign in granitic rock. The opening is 
wide, yet reasonably low. In England," 
a subterranean plant was located in 
horizontal chalk beds 150 ft below 
the surface. Underground structures 
of a modified-arch shape, 22 ft wide 
by 20 ft high, were excavated. Steel 
supports and concrete lining were re- 
quired in fractured areas. 

Mining and tunneling practice has 
demonstrated that a circular tunnel 
will withstand greater static rock pres- 
sures than any other shape cross sec- 
tion of equal area.” The horseshoe 
cross section (Fig. 1) is a widespread 
modification which withstands greater 
static rock pressures than the more 
common flat or arched outline. Use 
of these common tynneling cross sec- 
tions will depend on the character of 


the site rock and the size of the struc- 
ture. For example, a site in a tilted 
bedded rock mass would require a 
different design from one in a hori- 
zontally bedded rock of the same type. 


mechanized tunneling 
needed 


Large-scale underground construc- 
tion will require the use of several 
types of tunneling methods, drilling, 
loading, and haulage equipment. and 
ventilation layouts and machinery. 
Such a protective construction pro- 
gram probably could be initiated dur- 
ing an emergency and would therefore 
require complete mechanization to at- 
tain speed and over-all efficiency. The 
tunneling method used will depend 
largely on the character of each par- 
ticular site rock and the plant require- 
ments for size and layout. The term 
“tunneling methods” refers to all 
types of subsurface excavation con- 
nected with the program. 

A valuable modification of the room- 
and-pillar mining method is that of 
driving two or more main bores paral- 
lel and a specified distance apart by 
the fastest method. Simultaneously, or 
later, larger structures are located be- 
tween these bores and connected by 
tunnels as in Fig. 3. The main bores 
would serve as haulageways. Spe- 
cialized tunneling crews could move 
rapidly to the multiple headings and 
perform_their part in the operation 
cycle, thereby increasing both the 
personnel and operational efficiency. 
In this manner many small to medium- 
sized structures are possible; tunnel- 
ing operations may be advanced in 
several separate headings simultane- 


ously off the main haulageway; waste 
rock is easily transported to main 
haulageway for rapid removal; and 
ventilation is easv because of natural 
circulation through the network of 
structures. 


pilot bores speed work 

Ahead of excavation of the main 
structure and at a safe distance below 
its floor a pilot bore is driven as in 
Fig. 4. As the main heading pro- 
gresses, connecting raises are driven 
from the pilot bore behind the ad- 
vancing face of the main structure. 
Waste rock is scraped, dozed, or other- 
wise mechanically handled to the 
raises which are equipped as rock 
chutes; the pilot bore would operate 
as a haulage level. This method has 
the following advantages: no rock 
haulage necessary in main bore; quick 
clean-up after blast; highly mechan- 
ized and thus speedy operation cycle; 
natural ventilation during construc- 
tion, with utilization of the pilot bore 
for air circulation during the factory 
operation; pilot bore could serve as 
the main haulageway during factory 
operation with lifts to the plant floor 
installed in the raises. This method is 
adaptable to a plan calling for either 
a single main bore or for one having 
parallel bores with structures between 
as in Fig. 3. 

Another method, shown in Fig. 5, 
would use pilot bores along floor and 
roof with connecting raises. This 
method would be applicable where a 
subterranean structure of large cross 
section was planned. Pilot bores are 
driven as fast as possible along the 
floor and roof of the proposed sub- 
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Fig. 5. The pilot-bore method is also well adapted to speeding the Fig. 6. Main bore-enlarged sections with pilot bore roof is 


large cross-section openings. 
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similar to method employed 


by British in tunneling in 
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An engine testing room like this will be soundproofed by the natural rock pillars. Venti- 
lation ducts can be drilled through the egy strata, zig-zagged to eliminate bomb 


damage; lead seals in all outlets could stop 


surface structure and are connected 
at specified intervals by raises. Verti- 
cal blastholes can be drilled by wagon 
drills or other appropriate machines 
from the upper bore and, after widea- 
ing to cross sectional] size, the broken 
rock scraped or dozed into the raises. 
A grizzly with draw chute is installed 
at the bottom of each raise. The lower 
pilot bore serves as a haulageway, and 
is equipped with a mechanized sys- 
tem for rock transportation. If a lin- 
ing of the structure is necessary, it 
would be accomplished in sections as 
the tunneling progresses downward. 
With this method, transportation of 
waste rock does not interfere with tun- 
neling operations; broken rock may 
be cleaned up quickly after blasting; 
rapid excavation of a large yardage of 
rock is possible; there is natural cir- 
culation to aid ventilation; and the 
construction cycle is highly mechan- 
ized. This method should not be con- 
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ioactivity of atomic bombs. 


sidered where the structure cross sec- 
tion is small or moderately sized. 


enlarging initial beres 
An initial pilot bore, driven at maxi- 
mum speed, can be enlarged to the 
specified structure outline by long 
hole ring drilling or by horizontal 
drilling with top slicing. The latter 
has proven best for rigid cross sec- 
tional excavation. The Tudor-type 
arch is an illustration of an under- 
ground structure of rigid specifications 
which would require careful super- 
vision of the drilling and blasting. This 
tunneling method is adaptable to me- 
dium or large sized openings, can 
excavate to rigid specifications, and 
where desired, break a long round. 
Diamond drilling may prove more effi- 
cient compared to jointed percussion 
drills for such a tunneling method, 
especially for holes over 50 ft. 
A main bore driven along the floor 


is enlarged to a big structure size in 
certain desired sections as in Fig. 6. 
Within these sections, after raising or 
enlarging, another small tunnel is 
driven along the roof of the proposed 
structure which subsequently is wid- 
ened and shaped to specifications. The 
rock between the two bores is removed 
by vertical blasthole drilling; waste 
rock is scraped to the raises or en- 
larged sections now used as chutes; 
mechanical loading and haulage can 
be used in the main bore as shown in 
Fig. 5. This method is especially good 
for excavation of large-sized structures 
several hundred feet long which are 
connected by smaller tunnels to others 
of a similar size. The British* used a 
somewhat similar method in their tun- 
neling in chalk. 


mew equipment 
problems raised 


To speed construction, improve- 
ments will be needed in the present 
drilling, loading, and haulage equip- 
ment. Using present drilling equip- 
ment, a jumbo mount on rails, Diesel 
powered or air driven “cat” treads 
would be best. Long sashes on the 
drill machines permit longer holes 
without changing drill rods. A long 
sash feed mounted on a hydraulic drill 
jib further saves time and work in 
moving the machine to complete a 
round. Drill bit changing can be cut 
to a minimum where the longer-life 
tungsten-carbide bit is adaptable. For 
long hole drilling, a jumbo mount for 
air-driven diamond drill machines may 
be very effective. The continuous min- 
ing machines will probably find wide 
use in softer rock types. 

The cross sectional size of the un- 
derground opening, the tunneling 
method used, and the size to which 
the rock breaks after blasting will 
control the choice of loading equip- 
ment. The loader selected may be a 
selfpropelled crawler mounted with 
continuous feed; a “cat” or rail 
mounted with noncontinuous feed; a 
conventional scraper powered by a 
hoist which moves the rock to a chute 
for loading below the floor level or 
into haulage equipment using a ramp; 
or a Diesel-powered cat-mounted over- 
head loader, if the rock blasts to fines 
and clearance height permits. 

Both the tunneling method and the 
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cress sectional size of the opening will 
have a hearing on the type of haulage. 
Conveyor belts, widely adopted for un- 
derground transportation of certain 
type rock, would be especially adap- 
table for use in a pilot bore or a main 
haulage level. Fast, trackless shuttle 
cars are easy to load and unload and 


operate in low heights. The average 


type of truck used for such haulage 
would require a larger opening for 
operation. Track haulage with mine 
cars could be used if tunneling opera- 
tions required the laying of steel track. 


mew problems are 
changing 

A wealth of new techniques, and in- 
genious improvement on old ones, are 
called for in this new field of protec- 
tive construction. Training for the 
work will call for a combination of 
mining, civil engineering, and geol- 
ogy, enabling young graduates to step 
directly into the new industry as it 
develops. The Colorado School of 
Mines is presently providing to Corps 
of Engineer officers special training in 
mining engineering principles and ac- 
centing underground construction.” 
Three officers have already received 
their Master of Mining Engineering 
degrees at the school." 

Arrayed side by side with the basic 
underground reinforcement and venti- 
lation problems known to the mining 
industry today, are the myriad com- 
plexities ranging from extensive cam- 
ouflaging of excavated material when 
secrecy so dictates, to the subjects of 
ventilation, lighting, and even preven- 
tion of worker claustrophobia! Pilot 
bores and connecting raises as in Fig. 
4, 5, and 6, and drill holes as in 
Fig. 6 can provide some natural ven- 
tilation—but machines and men and 
production methods will have to be 
adjusted to many new, seemingly un- 
natural, conditions. 

New underground structures will 
probably be higher in initia] cost than 
comparable surface plants, but lower 
maintenance, heating, and air condi- 
tioning costs, combined with cheap 
protection against destruction, must 
also be considered. 

Pilot plants could be erected by 
certain vital industries, in order to 
adapt their manufacturing cycles to 
the new conditions. Potential site lo- 
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Another aisle in Bolinder-Munktell plant. The even temperatures of underground plants 


reduce heating costs and, with 


Fake windows backed by scenes 


cations include the limestone forma- 
tions of the Ohio and Mississippi val- 
leys, interbedded sandstone shale, and 
limestone formations in the inter- 
mountain areas, the Pacific North- 


r air conditioning, im 
con be 


prove workers’ health. 
to combat closed-in. fesling. 
ston, Colorado School of Mines, and 
M. N. Short, University of Arizona, in 
addition, criticized the original manu- 
script. W-: Ralph Forssell, Sacra- 
mento, has drafted the illustrations. 


west’s plateau basalts, the granitic 
rocks of the Sierra Nevada, Idaho, 
and coast range batholiths of the 
West. derground Explosion Tests.” 

The Corps of Engineers has been i 
assigned the responsibility for acquir- 
ing, developing, and disseminating i - 
tective design criteria and for design- “Wright, F. D., and Bucky, P B.: De- 
ing and constructing underground in- termination of Room and Pillar Dimen- 
stallations. Data are being developed 
for application to underground con- 
struction should it become necessary 
in time of emergency. 

Many thanks are due the following 
for their suggestions and stimulating 
discussions: H. E. McGee, J. C. 
Coombs, P. M. Johnston, and C. J. 
Gorman, of the Sacramento District, 
Corps of Engineers; A. S. Kane and 
Robert Selby, of the Morrison-Knud- 
sen Construction Co.; C. W. Living- 
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up, handling about 1000 cu yd per 10-hr 


Four Euclid trucks and | to 2!/2-cu yd shovels ware used to clean 


The clean, square bottom of this cut, shown strikingly in this 
shift. , was obtained by using diamond-drill blastholes. 


Diamond Drills Exeavate Channel 


By CHARLES HOPPER * CONSULTING ENGINEER, BOYLES BROTHERS 


[a preparing the Steep Rock Lake 
iron ore body for mining, it was neces- 
sary to drain Steep Rock Lake. Us- 
ing diamond drills, a cut 1800 ft long, 
100 ft wide, and maximum depth of 
95 ft amounting to 300,000 cu yd of 
material, was excavated in Greenstone 
to provide a drainage channel. This 
was done under the general contractor 
C. A. Pitts, of Toronto, who in turn 
employed a diamond drill contractor, 
Boyles Bros., to do the drilling. The 
method of excavation was selected be- 
cause a clean square cut and grade 
could be maintained in the bottom of 
the channel. Bootlegged holes would 
have left blocks of rock in the corners 
which would have created a situation 
which would have become progres- 
vively worse as the open cut advanced 
from one side of the ridge to the other. 


A7 by 7-ft tunnel was driven along 
the center line of the proposed cut for 
its entire length. Rows of three hori- 
zontal diamond-drill holes, 45-ft long, 
were drilled on either side of the drift, 
the rows being on 3-ft spacing. In 
order that the bottom holes might be 
on grade of cit, it was necessary to 
drive the tunnel three feet below grade 
so that drill setups could be made. 
The vertical holes were also drilled 
with diamond drills from wooden stag- 
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Section showing method of loading 


Bottom horizontal holes from tunnel are 
driven on grade. 
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o hole loading 
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, 6‘ spaci 
= Direction 
The vertical holes were also drilled with 
diamond drills. 


ing, three holes being drilled from 
each setup and spaced as shown in 
the diagram. Two rows of vertical 
heles were blasted for a 12-ft advance. 
In each case, the outside hole was left 
till the following blast, as the corner 
would not come out otherwise. The 
lifter holes were loaded solid, and ver- 
tical holes loaded solid to within 28 
it of the surface, where two spacers 
to one stick of powder were used. Both 
horizontal and vertical holes were 
blasted simultaneously using 75 per 
cent Forcite 6 by 134-in. sticks and 
instantaneous caps and primacord. 

Each 12-ft face advance averaged 
3000 cu yd of rock which required 
from 26 to 36 hours for 1 to 2% yd 
shovels and four Euclid trucks to 
clean up. The average amount of 
rock removed per 10-hr shift was 
about 1000 cu yd. Lifter holes did 
not seem to have sufficient lift to clear 
muck away from the face, which 
slowed shovels up. If the horizontal 
lifter holes had been drilled out one 
foot into the wall and vertical holes 
drilled three feet below grade on the 
outside row, the corners would prob- 
ably have been cleared. An addi- 
tional lifter hole would also have 
helped. 

The average footage drilled per 10- 
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Water from Steep Rock Lake was drained through this channel in order to mine the iron 


ore underlying the lake. 


hr man-shift, including timbermen 
and all other men on the job, was 45 
ft. The average footage drilled per 


machine drill-shift was 120 ft. Powder 
consumption per cu yd of rock broken 
was 0.6 Ib. 


1000 at Annual Canadian Institute Meeting in Montreal 


Reported by E. H. Robie 


Approximately one quarter of the 
total membership of the Canadian In- 
stitute of Mining and Metallurgy, 
which with students numbers about 
4000, attended the 1949 Annual Gen- 
eral Meeting in Montreal, April 25-27. 
In addition, more than 250 ladies were 
registered, so that the meeting was 
one of the largest ever held. Head- 
quarters were at the Windsor Hotel, 
with sleeping and meeting room ac- 
commodations conveniently supple- 
mented by the new Hotel Laurentien 
just across the street. 

Montreal’s well-known mayor, Ca- 
millien Houde, welcomed the visitors 
at the Monday luncheon most affably. 
Perhaps “intriguing” is as good an 
adjective as any to describe his 
presence. His leadership of the 
French Canadians in the war landed 
him in a concentration camp, out of 
which he no doubt beamed his way. 
He was definitely an attraction at the 
luncheon. Other welcomers were C. 
D. French, the Provincial Minister of 
Mines, who put in a plug for’ New 
Quebec as a mineral storehouse of the 
future, with its newly developed iron 
and titanium, to say nothing of Ship- 
shaw and the other waterpower devel- 
opments. Ralph W. Diamond, retir- 
ing president of the CIM, added a few 
words of greeting and then our own 
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L. E. Young made a fitting response. 

One of the three papers on the gen- 
eral session program in the afternoon 
was by Edward Sampson, professor of 
geology at Princeton. The program 
concluded with an exceptionally well- 
made sound Technicolor film of the 
operations of the Consolidated Mining 
and Smelting Co. of Canada—“No 
Man Is an Island,” the theme of which 
is teamwork. 

A cabaret dinner for ladies and 
gentlemen concluded the day with the 
best in food and entertainment. 

Four of the five Divisions of the 
CIM—Geology, Coal, Industrial Min- 
erals, and Metallurgy—had separate 
programs Tuesday morning. The 
geologists and the metallurgists again 
had sessions Tuesday afternoon and 
Wednesday morning, and the Metal 
Mining Division had one session Wed- 
nesday morning. A concluding gen- 
eral session was held Wednesday after- 
noon, and the incoming and outgoing 
councils held a meeting on Thursday. 
Many papers of considerable interest 
were offered. 

Donald H. McLaughlin gave a pa- 
per on the Homestake mine, and in- 
cluded a bit of argument for better 
treatment of gold producers. Gold 
bulks large in the mining economy of 
the Dominion, and the gold producers 


up there have not been very well satis- 
fied with their lot, though they were 
never completely closed down by gov- 
ernment ukase during the war, as they 
were on this side of the line. 

There was much talk at the meeting 
of the big new oil finds in Alberta, 
which promise to be comparable with 
the biggest discoveries in the U.S.A., 
and also of the iron and titanium in 
Quebec and Labrador already mea- 
tioned. More uranium, to supplement 
that afforded by Eldorado at Great 
SJave Lake, has also been found, and 
all in all mining development in 
Canada is on the up and up, Metal 
production was valued at $484,000,000 
last year, an increase of 22 percent, 
and mineral fuels at $159,000,000, up 
44 percent. 

Canadian Institute meetings run all 
night as well as all day, being at- 
tended by a hardy group of young 
hard-rock miners able and eager to 
put in a 72-hour shift. For Tuesday 
evening, two annual dinners were 
scheduled, one for the ladies, which 
included a fashion show by Eaton’s, 
and another for the gentlemen. At 
the latter, the customary impressive 
reading of the citations for bravery 
was again in the most capable hands 
of E. A. Collins, who founded these 
awards. They are given every year 
to three miners who, at the risk of 
their own lives, have rescued their fel- 
low workers from certain death. Also 
awarded were two student prizes, the 
John T. Ryan Safety Trophies (to 
mining companies), the Leonard 
Medal to P. T. Bloomer, the Barlow 
Memorial Medal to A. B. Yates of the 
International Nickel Co., and the Inco 
Medal to James Roycroft Gordon of 
the same company. 

Dancing was confined to the last 
night of the meeting, the party be- 
ginning at 10 o'clock and still going 
strong at 1:45. No late meetings or 
entertainment are scheduled for the 
first two days of the meeting so that 
members can get to bed early and be 
ready for the technical sessions the 
next morning. At least that’s what we 
were told. 

Next year’s annual meeting will be 
in April at Toronto. F. V. Seibert, 
CNR industrial commissioner at Win- 
nipeg, succeeds Mr. Diamond as presi- 
dent. E. J. Carlyle, after eighteen 
years as secretary and treasurer of the 
CIM, is about to retire. 
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office, change house, shops, 
the Midvale mill of the U. S. 


Mining Is Fun at New Park 


By JOHN V. BEALL * MANAGING EDITOR 


When a mine has ore averaging 5% lead, 7% zinc, 
0.60% copper, 44 oz gold, and 6 oz of silver, adequate 
reserves, power and water, easy access to market, and is 
situated in beautiful natural surroundings with the advan- 
tages of a big city within a few hours drive, there is little 
left to be desired. Such a mine is the Mayflower mine 
of the New Park Mining Co. situated 30 miles from Salt 


Lake City in the Wasatch Mountains near Keetley, Utah. 
With these natural attributes, the little left to be desired 
is provided by the progressive management under the 
leadership of W. H. H. Cranmer, president and general 
“manager, and Clark L. Wilson, superintendent. 

Miners are organized in an independent union which 
is on the best of terms with the management. As much 


£ 
4 
: Surface plant of the Mayflower mine of the New Park Mining Co. near Keetley, Utah, consists of ee 
storage facilities, and loading trestle. Ore is loaded into trucks or railroad cars for transportation to 
Smelting Refining and Mining Co. 
| 
gt x ? P. 
| 
= i, 
Cut-and-fill stoping is used to mine ore veins which occur in has been laid to keep the ore blasted from mingling with the 
fissures in a quartz diorite porphyry host rock. Here, a sublevel waste fill. Ore is slushed to the raise chute. Three compartment 
is advanced at the same time holes are drilled for the first cut. raises are driven on 60 to 100-ft centers. 
4 On the right: loading holes preparatory for a blast. A floor 


of the work as possible is contracted. Stopes are 
measured bimonthly by the enginéers and work paid 
for on the volume of rock excavated; development 
is-paid on the linear foot of advance; special tim- 
bering is done for a predetermined price arranged 
by the superintendent. An interesting feature of 
the incentive payment program ‘is the bonus for 
both ore and waste sorting to trammers. When 
pulling the 800-level ore pockets, the chute puller 
and trammer sort waste into an empty car and are 
paid by the carload. When pulling waste they sort 
ore in the same manner. All contracts are approved 
by the superintendent, who is always available to 
discuss disagreements. It is not unusual for good 
miners to make over $15 a day. 

Employes have a real interest in the Company, 
due, in part, to progressive personnel practices. 
The Company is now experimenting with a “Share 
of Production Incentive Plan.” Each month the 
employes receive a percentage of ‘production 
values” which is the difference between the oper- 
ating cost and the income from ore sales. The 
Company also sponsors 60% of the cost of a retire- 
ment plan, life insurance, and insurance for non- 


Pumping station showing one of three 500 gpm Pomona deep- Hoisting in balance with this 150 hp underground hoist 
in from the various levels of the 1060-ft shaft to the Mayflower 


occupational accidents. The personnel department 
aids the employe in obtaining hospitalization bene- 
fits. 

An industrial hygienist, F. F. Netzeband, conducts 
periodic ventilation surveys, dust counts, and air 
analyses to improve conditions in individual work- 
ing places. Plans are under way for the construc- 
tion of a model village where employes can acquire 
and own modern homes. 

The Company encourages employes to partici- 
pate in civic enterprises, believing that the continu- 
ation of the American way of life depends upon 


As shipshape as when installed six , the WNII4 
Sullivan compressor a synchronous 
motor develops 300 cfm 


| 
Loading a train on the main haulage level from an air-operated chute. 
Chute pullers and trammers receive Sone for sorting. 
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the support of each individual citizen. The basic policy of and the public. When this philosophy is practiced in 
Company operation is to recognize the mutual rights and every day relationships it is little wonder that mining is 
responsibilities of management, employes, stockholders, fun at New Park. 


F. F. Netzeband, industrial hygienist, makes regu- Navy surplus blowers, bought at bargain This ventilation raise is covered 
te tee are used to bring air to the working face in by permanent grill work to pre- 
ing places. stopes, drifts, and raises. vent accidents. 


i safe practice in handli der, opening As part of the safety program, which is emphasized in all phases of work, 
Powder room is training is given in the use of oxygen breathing apparatus and mine rescue 


coated with gunite to reduce moisture. 


This 5-ton loco is used in the Mayflower tunnel to bring ore to the surface. 
cs One ton battery motors are used on transfer levels. On the right: Shaft 

: stations are kept clean. Chain over track keeps cars from rolling into the 
gate. Hoist drum for chippy hoist is set over shaft. 
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Some Variables Affecting 
Countercurrent Decantation 


By E. A. PERETTI © ASSOCIATE PROFESSOR OF METALLURGY, UNIVERSITY OF NOTRE DAME; MEMBER, AIME 


Since its development about forty 
years ago by J. V. N. Dorr (Cyanida- 
tion and Concentration of Gold and 
Silver Ores, McGraw Hill Book Co., 
1936, 1-5), and others, continuous 
countercurrent decantation has not 
only become one of the standard 
methods for extracting gold and silver 
from their ores, but has also found 
wide application in other metallurgi- 
cal and chemical industries. 

In 1917 L. B. Eames published an 
excellent paper (Countercurrent De- 
cantation, Trans AIME, 1917, 57, 143- 
158), in which he determined the 
effects of grade of ore, ratio of solu- 
tion precipitated to ore treated, varia- 
tions in the density of the thickener 
spigot discharge and variations in the 
value of the barren solution upon the 
gold assay of the solutions discharged 
from the thickeners in the system. 
Eames showed that, other things be- 
ing equal, the dissolved gold lost in 
the tailing varies directly as the value 
of the ore and as the value of the 
barren solution. The tailing loss de- 
creases rapidly as the ratio of solution 
precipitated to ore treated is increased 
to about three or four to one. Beyond 
this point the improvement is negligi- 
ble. 

Tt is the object of this paper to 
present results of calculations for 
cyanidation in which four additional 
variables are considered, namely: the 
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point of addition of barren solution 
to the circuit, the number of second- 
ary thickeners, the percent of the solu- 
ble gold dissolved in the grinding cir- 
cuit, and the omission of the primary 
thickener. Some of the variables con- 
sidered by Eames and some of those 
to be discussed are subject to control 
while others are not. 

The method for solving problems 
of this nature is well discussed else- 
where (J. V. N. Dorr: loc. cit. 133-139. 
A. Butts: Metallurgical Problems, 2 
ed., McGraw Hill Book Co. 1943. 284- 


287) and hence won't be repeated 
here. There will be considered a 


common type of flowsheet, Fig. 1, con- 
sisting of one primary and four sec- 
ondary thickeners having a spigot 
product with 50 percent solids. It is 
assumed that 75 percent of the values 
are dissolved in the milling circuit 
and 25 percent in the agitators and 
that the liquid-to-solids ratio of the 
feed to the primary thickener is five 
to one. Dissolution in the secondary 
thickeners will be neglected. Further- 
more, as is customary, it will be as- 


| 


. |. Typical countercurrent decantation flowsheet showing possible points of barren 


ution addition. 
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sumed that the cyanide and lime 
strengths of the solution leaving the 
primary thickener will remain con- 
stant. For calculation we shall use 1 
Ib of cyanide, a protective alkalinity 
of a % lb of lime per ton of solution, 
and a barren solution containing gold 
to the extent of 2 cents per ton. 


Upon making the foregoing as- 


sumptions and computing the assays’ 


of the tail solutions in gold, cyanide, 
and lime with the addition of the 
barren solution to thickeners A, B, 
C, D, and E, respectively (see Fig. 
1), the tailing solution losses shown 
in Fig. 2 were obtained. These clearly 
show that the dissolved cyanide and 
lime losses increase and the dissolved 
gold loss decreases the farther tow- 
ward the end of the system the barren 
solution is placed. Also, it can be 
seen that the loss in cyanide and lime 
is almost halved by placing the barren 
solution into thickener “L’ rather 
than “E,” while the gold loss is not 
markedly increased. By introducing 
the barren solution into “C” rather 
than “D,” as great a saving in lime 
and cyanide is not made and the gold 
loss almost triples. This is perhaps 
the main reason that in actual plants 
one most often sees the barren solu- 
tion being added in the next to the 
last unit in the series. Other things 
being equal, the most economical 
place to add the barren solution to 
the system will be determined by the 
unit value of gold, lime, and cyanide. 


The conditions used here are the 
same as for the preceding section. 
The effect of using a filter has also 
been determined, assuming a cake 
with 33 1/3 percent moisture and a 
displacement efficiency of 60 percent. 
The barren solution has been added 
to next to the last unit in each case. 
The results are summarized in Fig. 3, 
employing a semilogarithmic scale for 
convenience. The lime and cyanide 
losses remain almost constant in this 
instant and therefore have been omit- 
ted from the tabulation. 

It is apparent that if only thicken- 
ers are used the savings in dissolved 
gold are appreciable by increasing 
the number of -secondary units to 
five or six. Additional thickeners do 
not bring corresponding improve- 


ments. As is well known, the use of a 
filter decreases the dissolved losses 
still further; but again, little improve- 
ment is achieved by using more than 
four or five thickeners and a filter. 
From the economic viewpoint the 
proper number will be dictated by the 
cost of thickeners and filters when 

Calculations of the dissolved gold 
loss were made, using previously 
stated assumptions and varying the 
gold dissolution in the milling cir- 
cuit. The number of secondary thick- 
eners used varied from two to seven. 
The results are shown in Fig. 4. As is 
evident from Fig. 4, the dissolved gold 
loss is a straight line function of the 
percent dissolved in the mill. (In or- 
der not to confuse the diagram the 
graphs for the two and seven thick- 
ener cases have been omitted.) It is 
also obvious that the greater the num- 
ber of secondary thickeners used, the 
lesser will be the effect of variation 
in point of gold dissolution upon the 
dissolved loss. 

Fig. 5 is the result of plotting the 
logarithm of the slope of the straight 
lines obtained in Fig. 4 versus the 
number of secondary thickeners used. 
By combining Fig. 4 and 5 and letting 

X = percent of gold dissolved 
in the mill 
Y = percent of dissolved gold 

lost in tail solution 
Z = the number of secondary 
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= number of secondary thickeners. 
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Fig. 2. Cyanide and lime losses increase 
and gold decreases the farther toward the 
end of system barren solution is added. 
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Water 


Tailings 


Fig. 6. Calculations indicate that lower dissolved gold losses are obtained if no 
flowsheet. 


primary thickening is done as shown in this 


we obtained the following relation- 
ship: 
X + — 195 + 
0.089 x 10(9-7Z-0.549) 


This equation applies, of course, only 
to the cases where the conditions are 
those assumed in the paper. Other 
conditions will give a similar identity, 
but with different constants. 
Perhaps most of the time in the 
application of countercurrent decan- 
tation systems a primary thickener is 
essential in order to obtain a pulp of 


Primary Trichener 


10 
8 
6 
B— Primary Thichener 
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suitable consistency for agitation. Cal- 
culations indicate, however, that low- 
er dissolved gold losses’ are obtained 
if no primary thickening is done, with 
a setup as shown in Fig. 6. It is clear 
that with this arrangement it will 
make no difference how the dissolu- 
tion is distributed between the grind- 
ing circuit and the agitators. The 
losses are given in Fig. 7 in compari- 
son with those occurring when the 
primary thickener is used assuming 
10 percent of the gold dissolved in the 
grinding circuit. The saving is great 
if up to about five thickeners are used. 
With six or more thickeners in the 
system it makes relatively little dif- 
ference whether or not one of the 
thickeners is used as a primary. Also, 
the larger the percentage of gold 
dissolved in the mill, the smaller will 
be the improvement by omission of 
the primary thickener. 

The results of calculations have 
been presented showing that in a 
countercurrent decantation system the 
following generalizations can be 
made: 

(1) Dissolved gold tailing loss de- 
creases and the dissolved lime and 
cyanide losses increase the farther to- 
ward the end of the system the barren 
solution is placed. 

(2) Dissolved gold loss decreases 
rapidly as the number of thickeners 


is increased to five or six. Beyond this 
number, the loss decreases very little. 

(3) Dissolved gold loss varies in- 
versely as the percent dissolved in the 
mill. 

(4) If less than five thickeners are 
used, the dissolved gold loss will be 
less by not using one of them as a 
primary, if it is possible to do so. 


Weeds, Wood, and 2-4-D 
“Come forth into the light of things, 
Let Nature be your teacher.” 
—Wordsworth 

Mine operators who are having 
trouble with fungus-infested timbers 
are urged, by one of their Vermont 
confréres, to spend a little time on 
their front lawns thinking it over. 

Willis P. Mould of Williamstown 
notes in a recent letter that he had 
been warring against weeds with a 
preparation called 2-4-D, and, enter- 
ing his cellar, bespied fungus growth 
upon his coal bin. “I gave it a shot of 
that 2-4-D,” he says, “and within a 
week it disappeared”—never to re- 
turn again. Mr. Mould is cautious, 
lest magical powers be ascribed to 
2-4D, but he believes it’s worth a 
fair trial. If unsuccessful on the tim- 
ber, it’s always useful on the front 
lawn. 


More Gas from Each Barrel 

“Fill ‘er up with silica-magnesia 
catalyst” may never become part of 
the motorist’s vocabulary, but that new 
material will see to it that car owners 
get more gasoline from each barrel of 
oil taken from the earth. Ten years 
of experimentation in the use of cata- 
lysts in fluid catalytic cracking units 
were reported on recently by A. L. 
Conn, W. F. Meehan, and R. V. 
Shankland of the Standard Oil Co. of 
Indiana at the AIChE’s regional meet- 
ing in Los Angeles. They've discov- 
ered that synthetic silica-magnesia 
causes cracking to take place at lower 
temperatures, producing more gaso- 
line, less coke. Tests made in a large 
cracking plant showed higher gaso- 
line yields with lower octane number, 
but the addition of tetraethyl lead 
overcame the latter difficulty, their 
report said. 
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Fig. 7. Comparison of dissolved gold losses 
with and without primary thickening; up 
: to about 5 thickeners, the saving is great. 


AMC Coal Show Draws 12,000 


W. G6. Adams (left), of the Chica 


White applying the first coat of 
paint to some new screens the morn- 
ing after the 1949 coal show of the 
American Mining Congress, held in 
Cleveland, May 9 to 12, it struck me 
that there was a striking parallel be- 
tween this somnolent process and at- 
tendance at an exhibition of that size. 
No matter how carefully you apply 
that first coat, there are always some 
bare spots. So it is with surveying 
an exhibition of over 200 manufactur- 
ers in which all types of coal mining 
and cleaning equipment are dis- 
played; you can’t see everything. An- 
other source of bare spots at that 
convention might arise from a differ- 
ent sort of painting (key words: red 
and town) or from persistent atten- 
dance at the numerous cocktail par- 
ties and open houses. While we're on 
the subject of entertainment, the Coal 
Miners’ Party was a gay gathering at 
which guests partook of buffet sup- 
per, free beer, entertainment, and 
dancing, while the Annual Banquet 
starred Frances Langford. 

After chatting with a gentleman 
from England, snapping a picture of 
two from Canada, and seeing a repre- 
sentative of the coal mining industry 
from India, I can safely say that the 
12,000 people registered at the show 
came from all over the world. The 
Cleveland Public Auditorium is prob- 
ably one of the few buildings in the 
world that could contain the magnifi- 
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Pneumatic Tool Co., shows his firm's exhibit at 
the AMC coal convention to L. E. Young, W. P. Morris, J. A. Russell, and Louis Frost. 


cent equipment display and the throng 
that came to learn and admire. Bou- 
tonniéres were pinned on spectators; 
gifts such as canes, buttons, note- 
books, key holders, and pencils were 
profusely distributed; and _ every- 
where people were loaded down with 
manufacturers’ literature. All types 
of coal mining and cleaning equip- 
ment such as cutting machines, load- 
ers, shuttle cars, locomotives, drag- 
lines, bulldozers, excavators, trucks, 
safety appliances, conveyors, screens, 
heavy-density plants, rock drills, and 
electrical equipment, to name a few, 
were displayed. 

Meeting programs were not sched- 
uled for Monday morning or Thurs- 
day afternoon so that exhibits could 
receive undivided attention, but the 
intervening days were replete with 
motion pictures, many through the 
courtesy of the Bureau of Mines, and 
technical sessions. 

Probably the most interesting group 
of talks was given at the management 
session on Thursday morning which 
was ably chairmaned by L. C. Camp- 
bell. On the subject of management- 
employe responsibility for mine safety, 
Charles W. Connor outlined three 
good points for reducing accidents: 
(1) pre-job training for new men, 
(2) safety training for supervisors by 
the Bureau of Mines, (3) safety train- 
ing of employes by management. Mr. 
Connor said that unions had confined 


their safety measures to legislation 
and he felt that they could do more 
effective work by concentrating on 
creating safety consciousness locally, 
H. C. Woods took the rostrum to de. 
liver an enthusiastic speech on the 
importance of attracting young men 
to the coal mining industry and to 
outline the work being done in [ii- 
nois. He pointed out that enrollments 
in coal mining engineering courses 
were dropping off and that few stud. 
ied it. Current high school and col- 
lege text books mentioning the coal 
industry carry information on the 
1895 to 1910 period, referring to the 
industry as unhealthy and dangerous. 
Mr. Woods recommended that we con- 
tact our local high schools and ae- 
quaint them with the coal industry. 

The coal operators of Illinois, in 
co-operation with the University of 
Illinois, are sponsoring a one-week 
course about the coal industry for 
educators. Expenses for this course 
for high school and college teachers 
are paid by the operators. C. E. La 
wall seconded Mr. Wood's talk by 
affirming that industry must take the 
initiative in making young men feel 
at home and point out the opportuni- 
ties present in a career in the coal 
industry. “Advertise the good points 
of our industry” maintained D. C 
Jones, who claimed that two classes 
of men were needed: (1) those with 
high school education, but who can- 
not go to college, are needed for sub- 
ordinate supervisory positions, and 
(2) college men who can be trained 
for management. 

Ebersole Gaines and Live Treland 
said that better management-employe 
relations could be maintained by fos- 
tering the individual worker’s pride in 
the job. This can best be accomplished 
by publicity. Sam Cassidy pointed out 
that a company publication for its 
employes which gave broad coverage 
of operation, personal, and social news 
could do much to improve personnel 
relations.—J.V.B. 
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1949 
PROFESSIONAL DIVISIONS 
Officers and Committees 


Coal Division 


September 


te Wheelwright, Ky. 
Carrol! F. Hardy, Chairman-elect 
palachian Coals, Inc. 
om Ohio 
David R. Mitchell, Secretary- Treasurer 
professor of Mining, The Pennsylvania 
State College, State College, Pa. 


BLECTED MEMBERS OF THE 
EXECUTIVE COMMITTEE* 
Until Feb., 1950 Until Feb., 1951 
LR. Raymond Mancha 
1. T. Ryan, J Louis C. McCabe 
R. Spindler Robert H. Morris 
Until Feb., 1952 


George E. ee Ralph E. Kirk 
. Julian Parton 


* The ited. Committee consists of 
the officers, chairmen of committees, 
nine elected members. 


MINING 
hanks of 
Consulting Engineer, n: 
West Virginia Bidg., Wheeling, W. Va. 


Anthracite Mining Methods 
Subcommittee 
E. G. Fox, Chairman 
General Manager, Philadelphia and 
Reading Coal and Iron Co., 
Pottsville, Pa. 
John W. Buch Herbert D. Kynor 
H. A. Dierks Karl W. Lamb 
Edward Griffith Edgar C. Weichel 


Bituminous Mining Methods 

Subcommittee 
D. L. McElroy, Chairman 
Vice-President, Pittsburgh Consolida- 
tion Coal Co., Pittsburgh, Pa. 

Samuel M. Cassidy K. M. Quickel 

Erwin Gammeter W. L. Wearley 

James C. Gray James Dunn Reilly 
A. R. Werft 


Anthracite Open Pit Mining Methods 
Subcommittee 
Donald B. Dick, Chairman 
Anthracite Stripping Contractor, 
Hazleton, Pa. 
J. Robert soa 4 George J. Clark 
Alan Coddington 


Bituminous Open Pit Mining Methods 
Subcommittee 
Cc. Cheasley, Chairman 
Sinclair Coal Co., 114 W. St., 
Kansas Cit ty, Mo. 
W.L. Burt A. R. Matthews W. B. Roe 


Safety and Ventilation Subcommittee 
Cc. M. Donahue, Chairman 
Mine Safety Ap — Co., 
Pittsburg 
George T. Gillison Frank J. Peternell 
Stephen Krickovic Carl A. Peterson 
ond Mancha Cloyd M. Smith 


Maintenance Subcommittee 
Joseph F. Mazza, Chairman 
Manager of Maintenance, Rochester and 
Pittsburgh Coal Co., Indiana, Pa. 

A. Lee Barrett R. Glenn Lazzell 
R. C. Beerbower Cc. 1D. Rubert 
J. E. M. Wilson 


PREPARATION 
R. E. Zimmerman, Chairman 


Chief, Division of Mineral Pre tion, 
Pennsylvania State College 
State College, Pa. 


Drying Methods Subcommittee 


Orville R. Lyons, Chairman 
Battelle Memorial Institute, 
Columbus, Ohio 


Charlies C. Boley Laning Dress 
F. P. Calhoun Russell H. Wilmot 
E. C. Carris John Wilson 
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Fine Coal Cieani Methods 
Subcommi 
Lehigh Goal 
a 
Pa. 
B. W. Gandrud 
M. R. Geer S. A. Stone 
John Griffen L. Newton Thomas 
Dense Medium Processes Subcommittee 
W. L. MeMorris, Chairman 
H. C. Frick Coke Co., Frick Building, 
Pittsb urgh, Pa. 


David H. Davis T. W. Guy 
Nelson L. Davis John S. Johnson 


M. G. Driessen J. D. Martin 
H. O. Erb G. B. Walker 
UTILIZATION 


Cc. A. Reed, Chairman 
Director, Engineering Dept., National 
Coal Association, Southern Building, 

Washington, D. C. 
Combustion Subcommittee 
T. S. Spicer, Chairman 
essor in Fuel Technol 
Pennsylvania State 
State College, Pa. 
E. D. Benton Howard A. Herder 
Carroll F. Hardy R. C. Johnson 


Subcommittee 


H. Reed, Chairman 
State Survey, Urbana, 


Joseph D. Davis c. D. King 
E. J. Gardner Cc. C. Russell 
Gasification Subcommittee 

M. H. Fies, Chairman 


Consulting Engineer, 1201-02 Alabama 
Power Bldg., Birmingham, Ala. 


T. C. Cheasley E. J. Kerr 

J. D. Doherty L. D. Schmidt 
Non-Fuel Uses Subcommittee 
John L. G. Weysser, Chairman 


Mining Lehigh Navigation 
Coal Co., Lansford, Pa. 


H. B. Charmbury’ C. Schroeder 
J. Pursglove, Jr. R. L. Sutherland 
Pollution Subcommittee 


F. Hebley, Chairman 
Pittsburgh Coal Co., Pittsburgh, Pa. 


John F. Barkley Louis C. McCabe 
Hans Neuberger 
PROGRAM 
Eimer R. Kaiser, Chairman 


Asst. Director of Research, Bituminous 
Coal Research, Columbus, @) 


Cc. A. Reed J. W. Woomer 
R. E. Zimmerman 
PUBLICATIONS 

H. P. Greenwald, Chairman 


U. S. Bureau of Mines, 4800 Forbes St., 
Pittsburgh, Pa. 


S. M. Cassidy H. r Rose 

D. H. Davis G. Shoemaker 

Carroll F. Hardy d. re Younkins, Jr. 
MEMBERSHIP 


Curran Cavanagh, Jr., Chairman 
Fairmont Supply Co., Fairmont, W. Va. 


S. J. Craighead Cc. M. Schloss 
H. A. Dierks Fred O. See 
P. H. Haskell, Jr. G. E. Sorenson 
Cc. T. Holland Spicer 

L. W. Huber R. Swallow 
James Hyslop Wickey 


STUDENT INTEREST AND WELFARE | 


M. D. Cooper, Chairman 
Manager Vocational Training, National 
Coal Association, 5430 Aylesboro Ave., 

Pittsburgh, Pa. 


. C. Callen D. L. McElroy 
L. L. Cothern R. H. Morris 
8S. J. Craighead E. R. Price 
Cc. Evans,Jr. R. Spindler 
Richard Maize W. Stewart 

Haro Walker 
NOMINATING 


Clayton G. Ball, Chairman 
Paul Weir er 20 North Wacker Drive, 


, Ti. 
Evan Evans D. R. Mitchell 


PERCY NICHOLLS AWARD 
Cari T. Hayden, Chairman 
Vice-President, Coal Co. 

59 E. Van Buren St., Chicago, iil. 

J. F. Barkley "50 B. Morrow ‘53 
H. P. Greenwald ‘51 Julian E. Tobey "52 


COAL ECONOMICS 
G. A. Lamb, Chairman 
Pittsburgh Consolidation Coal Co., 
Pittsburgh, 


Joseph A. Corgan B. Plank 
Gerald B. Gould Paul Weir 
Extractive Metallurgy Division 


Established as a Division Nov. 17, 1948 
John D. Sullivan, Chairman 
Carleton C. Long, Chairman-Elect 
Charies W. Eichrodt, Vice-Chairman 
R,. R. McNaughton, Vice-Chairman 
Russell J. Parker, Vice-Chairman 
Hugh M. Shepard, Secretary 


American Smelt. & Refin. Co., Highland 
and Eastbourne Ave., Baltimore, Ma. 


EXECUTIVE COMMITTEE 
Weethen Bradley, McQuiston, 


W. Gonser, A. W. Schiecten, ‘52 


FINANCE 
Hugh M. Shepard, Chairman 
c. C. Long J. D. Sullivan 


ALUMINUM AND MAGNESIUM 
R. S. Sherwin, Chairman 


wee Bonsack J. D. Hanawalt 
H. E. Braken 0. C. Ralston 
Paul Ziegler 


COPPER AND NICKEL 
J. G. Leckie, Chairman 


R. R. Burns L. W. Kemp 
M. G. Fowler Leonard Laraon 
W. H. Goodrich E. R. Levell 


Kernshaw Harms R. D. Parker 


ECONOMICS AND STATISTICS 
Felix E. Wormser, Chairman 


K. H. Donaldson Donald A. Rhoades 
E. V. Gent Cc. N. Schuette 
F. H. Hayes Gloyd M. Wiles 


ELECTROLYTIC REFINING 
Charles W. Bichrodt, Chairman 
A. C. Secretary 


H, E. Bakken W. L. Miles 

E. 8. Bardwell A. J. Phillips 

J. D. Hanawalt R. H. Waddington 

H. R. Hanle W. G. Woolf 

Cc. L. Mantell 

HYDROMETALLURGY 

Nathaniel Herz, Chairman 

Cc. H. Bonotiat F. W. McQuiston 

R. E. J. D. Sullivan 

T. B. an A. L. Ter Braake 

L. P. Davidson H. A. Tobelmann 

Cc. P. Donohoe A. D. Turnbull 

H. E. Keyes W. G. Woolf 


LEAD AND ZINC 
Paul C. Feddersen, Chairman 
Carleton C. Long, Vice-Chairman 
Wallace G. Woolf, Secretary 
G. E. Johnson 


E. J. Bruderlin T. D. Jones 
E. H. Bunce R. G. Knicker- 
Russel B. Caples e 


R.R. McNaughton 
Milton M. Neale 
Stanley Robson 
Blair L. Sackett 


arry Francis P. Sinn 

W. T. Isbell E. M. Tittmann 

Allen C, Jephson Robert Wallace 
Ri A. Young 
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ished as @ Division HE 
Bstadlis 20, 1929 
E. R. Price, Chairman 
| 
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| ; 
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| 
; 
R. 
| T. Benson Gyles 4 
x 
H. R. Hanley \ 
J. Paul Harrison 
Carle R. Hayward 


Waddington 
el S. R. Zimmerley 
R. R. McNaughton Richard A. Young 


NOMINATING 
Bruce W. Gonser, Chairman 


Frank W. McQuiston A. W. BRiechtin 
Russell J. Parker Felix E. Wormser 


PAPERS AND PROGRAM 
T. D. Jones, Chairman 


Charles W. Bichrodt Nathaniel Herz 
Paul C. Feddersen Honeyman 
Bruce W. Gonser J. G. Leckie 


PUBLICATIONS 


B. 
Knickerbocker C. N. Scheutte 
McDaniel E. M. Tittman 

TITANIUM 
Bruce W. Gonser, Chairman 
wate L. Finlay J. B. Sutton 
R. J. Parker Marvin J. Udy 
Alex Stewart R. K. Waring 
Frank S. Wartman 


Fe expires in February: 1950, 1951, 


Minerals Beneficiation Division 
Established as a Division Feb. 16, 1948 
Ss. J. Swainson, Chairman 
Grover J. Holt, Associate Chairman 
Raymond E. Byler, Regional 

Vice-Chairman 
A. M. Gaudin, Regional Vice-Chairman 
Donald W. Scott, Secretary-Treasurer; 
Battelle Memorial Institute, 505 King 
Ave., Columbus 1, Ohio 


PAPERS AND PUBLICATIONS 
M. D. Hassialis, Chairman 


A. M. Gaudin S. D. Michaelson 
F. M. Lewis Thomas M. Morris 


MEMBERSHIP 
Nathaniel Arbiter, Chairman 


J. A. Barr, Jr. J. C. Lokken 
Norman L. Weiss 


EDUCATION 
W. L. Maxson, Chairman 


G. Gutzeit 
Kellogg 
T. V. Lord 


Thomas M. Morris 
H. Gordon Poole 
Oo. C. Shepard 


PROGRAM 
Grover Holt, Chairman 
Raymond E. Byler A. M. Gaudin 


NOMINATIONS 
E. W. Engelmann, Chairman 


C. H. Benedict F. M. Jardine 
T. B. Counse J. F. Myers 
E. H. Rose 


RICHARDS AWARD 
Cc. H. Benedict, Chairman 


L. M. Barker Elmer Isern 
Fred D. DeVaney Ernest 
Cc. Y. Garber H. A. Pearse 

A. F. Taggart 


UNIT PROCESS OF 
CONCENTRATION 


UNIT PROCESS OF MATERIAL 
HANDLING AND STORAGE 


Ernest Klepetko, Chairman 
Carlos Bardwell Donald F. Irvin 
S. Paul Lindau 


T. V. Canning Robert R. Ramsey 

C. Y. Garber Elliot J. Roberts 

Joseph Gillis Robert R. Schultz 

Harlowe ae W. B. Stephenson 
elson 


UNIT PROCESS OF CRUSHING 
AND GRINDING 
Harlowe Hardinge, Chairman 


E. C. Bitzer J. F. Myers 

E.J Cc. G. Willard 
C. G. W. L. Zeigler 


UNIT PROCESS OF SOLUTION 
AND PRECIPITATION 
Nathaniel Herz, Chairman 
R. Schumann, Jr. 

J. Sullivan 

D. N. Vedensky 
Wallace G. Woolf 
S. R. Zimmerley 


UNIT PROCESS OF SOLIDS-FLUIDS 
SEPARATION 


Elliott J. Roberts, Chairman 


UNIT PROCESS OF 
AND AGGLOMERATION 
F. M. Morgan, 
R. R. Burns 
John J. Craig Kuno Doerr, Jr. 
UNIT PROCESS OF OPERATING 
CONTROL 


Raymond E., Byler, Chairman 
Joseph M. Bilisoly F. M. Lewis 
Arthur A. Center 

Albert W. Hahn 
R. M. P. Hamilton 
I. M. Le Baron 


Howard C. Renken 
Norman L, Weiss 


Industrial Minerals Division 
(Nonmetallics) 


Established as a Division March 15, 


1935 
Howard A. Meyerhoff, Chairman 
A. B. Cummins, Eastern Vice-Chairman 
Nelson Severinghaus, Southeastern 
Vice-Chairman 
Joseph P. Smith, Rocky Mountain 
Vice-Chairman 


W. W. Mein, Jr., Western 
Vice-Chairman 
Hugh S. Spence, Canadian 
Vice-Chairman 
G. Richards Gwinn, Secretary-Trea- 
surer, Apartment 111, 911 South 
Washington St., Alexandria, Va. 


EXECUTIVE COMMITTEE 
Until Feb., 1950 Until Feb., 1951 


J. R. Cudworth H. Pas Bannerman 
S. H. Dolbear J. A. Barr, Sr. 
Paul M. Tyler Cc. H. Behre, Jr. 


Until Feb., 1952 


J. D. Sullivan 


PAPERS AND PROGRAMS 
R. M. Foose, Chairman 
L. A. Norman, Jr., Western 
Vice-Chairman 


A. B. Cummins W. W. Mein, Jr. 
A. 8. Furcron Bror Nordberg 

J. L. Gillson Oliver C. Ralston 
W. D. Holland Heinrich Ries 

E. J. Lintner Richard W. Smith 


Robert C. Stephenson 


MEMBERSHIP 
Richard W. Smith, Chairman 
Olaf P. Jenkins, Western Vice-Chairman 


J. A. Barr, Sr. 
Oliver Bowles 
Edward L. Clark 


Henry Mulryan 
Leslie C. Richards 
Jasper L. Stuckey 


CEMENT, LIME, AND GYPsu 
W. W. Mein, Jr., Chairman 
A. Allan Bates, Eastern Vice-C 


Walter R. Cliffe Robert A. Kinzie, Jr. 
J. F. Havard Claiborne C. Van Zanat 


CERAMIC MATERIALS 
Heinrich Ries, Chairman 
W. F. Dietrich, Western Vice-Chairman 


Cecil E. Bales he A. Klinefelter 
R. E. Birch J. Clark Sutherland 
R. B. Carothers S. M. Swain 


CHEMICAL RAW MATERIALS 
Joseph L. Gillson, Chairman 
George D. Dub, Western Vice-Chairman 


A. O. Bartell Raymond B. Ladoo 
Robert H. Dott Joe P. Smith 
G. W. Josephson Lauren A. Wright 


DIMENSION STONE AND SLATE 
A. 8S. Furcron, Chairman 


Oliver Bowles G. W. Josephson 
Pierre de Vitry J snes Lord 
Ss. Hyatt W. P. Mould 


FILLERS, FIBERS, AND PIGMENTS 
A. B. Cummins, Chairman 
L. R. Moretti, Western Vice-Chairman 


Oliver Bowles Paul F. Kerr 
John E. Conley, Sr. T. L. Kesler 
George K. Foster Raymond B. Ladoo 
A. S. Furcron Lincoln T. Work 


MILLING METHODS 
Oliver C. Ralston, Chairman 
Walter B. Hester, Western 
Vice-Chairman 
Stuart A. Falconer John Griffen 
A. M. Gaudin H. F. Hebley 
J. L, Gillson I. M. LeBaron 


MINERAL AGGREGATES 
Bror Nordberg, Chairman 
R. E. Fowle, Western Vice-Chairman 


A. T. Goldbeck J. R. Thoenen 
Nelson Severinghaus W. E. Trauffer 
Staunton Walker 


MINERAL ECONOMICS 
W. D. Holland, Chairman 
A. O. Bartell, Western Vice-Chairman 


Poole Maynard 
O. M. Wicken 


MINING GEOLOGY 
Robert C. Stephenson, Chairman 
Ian Campbell, Western Vice-Chairman 


R. J. Anderson B. Gildersleeve 
A. O. Bartell J. K. Gustafson 
Robert H. Dott Hugh D. Pallister 


MINING METHODS 
E. J. Lintner, Chairman 
Ira B. Joralemon, Western 


James A. Barr, Sr. 
Holcombe J. Brown Hugh S. Spence 
Chester A. Fulton J. R. Thoenen 


RARE MINERALS 
Gordon H. Chambers, oa 
F. H. Driggs Stephen M. ton 
A. F. —s aves- Hugh S. Spence 
er 


1949 DIVISIONAL MEETINGS 
Howard A. Meyrehoff, Chairman 
W. W. Mein, Jr., Western 
Vice-Chairman 


ce- 
Ian Campbell I. M. Le Baron 
Frank R. Hunter F. W. Libbey 
Olaf P. Jenkins John H. Melvin 
Joe P. Smith 
NOMINATING 
Richard W. Smith, Chairman 

C. H. Behre, Jr. Oliver C. Ralston 
J. L. Gillson H. I. Smith 
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Robert H. Ridgway, Chairman 
Michael B. Bever A. W. Schiechten 
P. C. Feddersen E. McL. Tittman | 
| 
| 
Cc. C. Long, Chairman 
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P. D. I. Honeyman, Chairman | Jo 
R. D. Bradford B. M. O’Harra % 
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| | | 
| | 
7, George T. Bator 
' T. G. Chapman 
Melvin A. C 
R. M. Foose 
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| 
| 
: S. J. Swainson, Ex-officio pl 
E. H. Crabtree, Jr., Chairman 
C. H. Curtis F. W. MeQuiston, 
S. BE. Erickson Jr. 
q {. M, Le Baron Frank R. Milliken | 
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ALL INSTITUTE SECTI 


Further Consideration Given by Board to 


Report of Democratization Committee 


Chief topics for discussion at the 
meeting of the Board of Directors, 
AIME, in New York on Wednesday, 
April 20, were the report of the Com- 
mittee on Democratization and the 
forthcoming referendum on increased 
dues. Eighteen Directors, including 
two alternates, spent 5% hours in 
their deliberations, which started 
with a luncheon meeting at the En- 
gineers’ Club, and continued in the 
Board room at Institute headquarters. 
President Young presided, with the 
following directors in attendance: 
Messrs. Bowles, Daveler, Elkins, 
Head, Kinzel, Kraft, Meyerhoff, Milli- 
kan, Peirce, Schumacher, Suman. 
Swift, Weed, Wrather, and Fletcher. 
Mr. Lovejoy acted as alternate for 
Mr. Watson and Mr. Work substi- 
tuted for Mr. King. 

The essential points made by the 
Committee on Democratization were 
reported in the March end April 
issues of the AIME journals. Mr. 
Gillson reviewed the report further, 
emphasizing that the Committee 
would be satisfied if the spirit of its 
Teport were accepted; for the time 
being, at least, it realized that certain 
of its suggestions, such as greatly in- 
creased traveling by the Secretary. 
a field secretary for the Mining 
Branch, and paid expenses of two 
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Local Section delegates to three meet- 
ings a year, would be more costly 
than the Institute would be justified 
in undertaking. The Board was espe- 
cially interested in the plan for a 
more formal organization of the Sec- 
tion delegates’ group, and asked the 
Committee to work up a specific plan 
for presentation at the September 
meeting of the Board. There was 
some discussion as to the desirability 
of having fewer meetings of the 
Board, but making them more impor- 
tant, with carefully prepared agenda; 
it was thought that this would not be 
opposed to the idea of democratiza- 
tion. The Petroleum Branch reported 
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its feeling that extensive trips into 
the field by the Secretary should not 
be necessary if he kept in close touch 
with the Branch executive committees, 
who would in turn, keep themselves 
fully informed of the feeling of the 
membership at large. The Branch also 
favored an increased number of 
younger men on the Board. 

As to the progress of the movement 
to increase dues, approval was voted 
of the statement appearing over Presi- 
dent Young’s signature in the May 
issues of the journals. This was sup- 
ported by separate editorial appeals 
in the three journals and mimeo- 
graphed data prepared by the Secre- 
tary’s office and distributed to all 
Directors and Local Section Chair- 
men. Considerable discussion arose as 
to the form of ballot for the referen- 
dum, and it was finally decided that 
this should take the form of a postal 
card which would be signed by the vot- 
er, who would not only indicate his ap- 
proval or disapproval of the proposed 
increase, but would indicate his Branch 
affiliation. A reprint of President 
Young’s statement would accompany 
the ballot. The postal card would be 
stamped and self-addressed to the In- 
stitute, and would be mailed on or 
about May 20 to all paid-up AIME 
members in the United States, Can- 
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ada, and Mexico, returnable by June 
10, so that the results can be reported 
by officially appointed tellers, repre- 
senting each Branch, at the June 15 
meeting of the Board. The form of 
referendum ballot is not specifically 
stated in the bylaws but counsel ad- 
vised that the proposed postal card 
meets the requirements for a “letter 
ballot.” 


deficit to decrease in 1949 

Based on operations for the first 
quarter, the final budget for 1949, as 
offered by Mr. Daveler, shows income 
at $380,350 compared with total ex- 
penditures of $437,479, or a deficit of 
$57,129, to be in part offset by volun- 
tary contributions of $8,500, or a net 
estimated deficit for the year of $48,- 
629. This would compare with the 
deficit of $82,000 suffered in 1948. 
The reduction in the deficit is almost 
exactly counterbalanced by the ex- 
pected increase in advertising revenue 
in 1949 from the three new journals. 
Details of the budget, which this year 
for the first time is apportioned to the 
three Branches, were offered for dis- 
cussion by the Board. The paid mem- 
bership is divided approximately in 
the ratio of 52 percent for the Mining 
Branch, and 24 percent each for the 
Metals and Petroleum Branches. Al- 
locating income and expenses to 
Branches, on the basis of information 
supplied by members, the deficit for 


the Metals Branch in 1949 is esti- 
mated at $55,122 and for the Petro- 
leum Branch $17,161, whereas the 
Mining Branch would show a surplus 
of $23,754. 

In view of the fact that many 1948 
publications are out of print, the 
Board voted to allow a credit of $5 to 
all members in the United States who 
pay up their dues for 1948 and who 
cannot be supplied with one or more 
requested publications. In view of the 
further difficulty that some foreign 
members have had in securing Ameri- 
ean dollars, it was further voted to 
remit the entire amount of 1948 dues 
to those foreign members now in ar- 
rears for 1948 and 1949 dues. Also, 
the time was extended to Dec. 31, 
1949, in which Junior Members of ten 
years’ standing may change their sta- 
tus to Member or Associate Member 
without payment of an initiation fee; 
the date had previously been set at 
July 1, 1949. 

Approval was voted to recommend 
to the Engineering Foundation that 
grants be made for certain research 
projects as follows: $2,500 for Proj- 
ect 97, Diffusion in Steel, by Morris 
Cohen; $3,000 for Project 98, Me- 
chanical Properties of Binary Al- 
loyed Ferrites at Low Temperatures, 
by R. M. Brick; and $1,000 for a 
new project in the field of comminu- 
tion, by A. Kenneth Schellinger. 


1951 annual meeting in St. Louis 


Formal acceptance was voted of 
the invitation of the St. Louis Section 
to hold the 1951 Annual Meeting of 
the AIME in St. Louis, which is prob- 
ably the most centrally situated city 
in which an Annual Meeting can be 
held for the convenience of AIME 
members. The 1950 Annual Meeting 
will be held at the Hotel Statler in 
New York, Feb. 12-16. No decision 
has yet been made as to the scene 
of the Fall Meeting of the AIME in 
1950; it will be impractical to hold 
it in New Orleans as suggested. 

Erle V. Daveler was appointed to 
represent the Institute on the John 
Fritz Medal Board of Award succeed- 
ing Clyde Williams, resigned. Fred 
Searls, Jr., was named to succeed 
H. M. Lavender as chairman of the 
Saunders Mining Medal Committee, 
and H. L. Roscoe was named to take 
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Mr. Lavender’s place as a committec 
member. Oliver C. Ralston was re- 
appointed as an AIME representative 
on the National Research Council. 
Albert M. Portevin was named to rep- 
resent the AIME at the centenary 
celebration of the French Society of 
Metallurgy in Paris next October. 
The Cornell Metallurgy Society, at 
Cornell University, was formally rec- 
ognized as an Affiliated Student So- 
ciety, AIME. Selection of James A. 
Stangarone as advertising manager 


of the Journal of Metals was reported. 
Print Orders for Journals 


Institute headquarters was faced 
with an important problem last De- 
cember when it became necessary to 
decide on how many copies of each of 
the three journals to print, with no 
knowledge of what the wishes of the 


members would be. We wanted stocks 
to be adequate to supply the demand, 
but did not wish to waste money in 
printing journals for which there 
was no need. The print orders for the 
January issues were finally set at J], 
500 for Mining Engineering, 6700 for 
the Journal of Metals, and 5500 for 
the Journal of Petroleum Technology. 
In the light of subsequent information 
only slight changes had to be made 
in succeeding issues: 10,800, 6700, 
and 5400 respectively. All issues of 
each magazine could be supplied up 
to May 1 except the January issue of 
the Journal of Petroleum Technology, 


Progress of Publication of 
AIME Volumes 

In the December issue of Mining 
and Metallurgy, page 686, was pub 
lished a list of the volumes whose 
publication was expected in 1949 and 
the terms under which members could 
secure them. The expected dates of 
publication of these volumes are: 

No. 175 Institute of Metals Diyi- 
sion. May. 

No. 176 Iron and Steel Division. 
August. 

No. 177 Coal Division. August. 

No. 178 Mining Geology. May. 

No. 179 Petroleum Development 
and Technology. August. 

No. 180 Institute of Metals Divi- 
sion. October. 

No. 181 Metal Mining, etc. Octo- 
ber. 

No. 182 Nonferrous Smelting and 
Refining. October. 

No. 183 Minerals Beneficiation. No- 
vember. 

Open Hearth Proceedings. Novem- 
ber. 

Blast Furnace Proceedings. No 
vember. 

Electric Furnace Proceedings. Sep- 
tember. 

Rod and Wire Symposium. August. 

Statistics of Oil and Gas. August. 

Industrial Minerals and Rocks. 2d 
ed. August. 

Berwerk—und Probierbuchleia. 
Now available. $3 members; $5 non- 
members. 

Conservation of Petroleum. No 
date set. 

Coal Preparation. Revised edition 
authorized but no date set. 
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The date has been set, and tentative 
plans prepared, for the AIME Fall 
Meeting, to be held this year in 
Columbus, Ohio. The kickoff, and it 
will be a real kickoff, is set for Sat- 
urday, Sept. 24, which day will be 
spent at the Ohio State—Missouri foot- 
ball game in Columbus. Registration 
will be the following day, and Monday 
will see the beginning of a six-day 
round of technical sessions, inspection 
trips, and executive conferences. The 
meeting will close on Oct. 1, just in 
time for the Ohio State—Indiana foot- 
hall game. 

Twenty-one hours of technical ses- 
sions will be held on Monday, Tues- 
day, Wednesday, and Friday, but 
Thursday will be reserved for inspec- 
tion trips which will include the Na- 
tional Electric Coil Co., Jeffrey Mfg. 
Co., and the Battelle Memorial Insti- 
tute. Programs are being planned by 
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This is Columbus, home of Ohio State, the Capital, Battelle Memorial Institute, and the AIME Fall Meeting. 


‘AIME General Meeting Set for September 


most of the Divisions of the Institute. 
A cocktail party and banquet will 
also be held during this busy week. 
In addition, the Southern Ohio Sec- 
tion of the Open Hearth Committee, 
AIME, will meet on Friday, Sept. 30, 
for technical sessions, luncheon, and 
an evening banquet. The Open Hearth 
group’s Executive Committee will also 
meet on the last day of the Meeting, 
and then be off to see the closing grid- 
iron tussle. 

The Neil House in Columbus will 
be headquarters for this mid-year gen- 
eral meeting, and those who are plan- 
ning to attend can write Hugo E. 
Johnson at the Battelle Institute for 
further details. 


AIME Research 
Grants Continue 

Four AIME research projects, deal- 
ing with diffusion of steel; alloys of 


iron research; basic open hearth steel- 
making; and the behavior of metals 
during hot-working, will continue to 
receive support this year from the En- 
gineering Foundation, the research 
department of United Engineering 
Trustees, Inc., for the Founder Socie- 
ties, a group founded thirty-five years 
ago for the ASCE, ASME, ATEE, and 
AIME. 

Although the Foundation’s available 
funds are now only $24,353 or less 
than half what they were a year ago, 
that amount will provide grants for 
a total of thirteen research projects 
this year. Contributions are made 
primarily to support studies and an- 
alyses necessary to organize projects 
to a point where they can be supported 
from other sources. Eighteen such 
projects were supported during the 
past year. 
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EJC Survey on Engineering 
Employment and Salaries 


The General Survey Committee of 
the Engineers Joint Council, which is 
composed of representatives of the ma- 
jor engineering societies, has recently 
concluded a survey of representative 
industrial companies and govern- 
mental agencies concerning their 1949 
employment programs for engineering 
graduates. Of 500 questionnaires sent 
out late in January, 193 had been re- 
turned early in May, but none of these 
were from strictly mining companies. 


Excluding a few small organizations 


providing incomplete data, there were 
162 industrial companies and 31 gov- 
ernmental agencies in this group with 
over 4 million employes, of whom 
89,000 were engineering graduates, or 
a third of some 265,000 such graduates 
in the country. 

These organizations reported that 
they had hired 10,390 inexperienced 
engineering graduates in 1948 and es- 
timated that they would hire 8174, or 
some 21% less in 1949. For the in- 
dustrial companies, the decrease was 


8 El Paseo Metals Section, AIME. 

13-15 15th National Applied Mechanics 
Conference, University of Michi- 
gan, Ann Arbor. 

18-15 Annual convention, Idaho Min- 
ing Association, Sun Valley. 

14 East Texas Section, AIME. 

15 Southwest Texas Section, 


meeting, Minneapolis, Minn. 
20-24 AIEE, summer general meeting, 
New Ocean House, Swampscott, 


Mass. 
20-24 American Society Engineer- 


25-26 American Iron ani Steel Insti- 
tute, general meeting, N. Y. C. 
27-30 ASME, semi-annual 

San Francisco. 
27 Alaska Section, AIME. 
28 Montana Section, AIME. 
29 ~ 
AIME, summer meeting Split Rock 
Pecone M 


JULY 
9-23 Fourth Empire Mining and Met»!- 
lu 1 Congress, Great Britain 
merican Society of “civil Engi- 
summer convention, Mexico 


15-24 Engineering Con- 
gress, Rio de Janeiro. 
23-26 AIEE Pacific general 
Fairmont Hotel, San Francisco. 
26-Sept. 10 Engineering & anes Ex- 
hibition, London, Engla 


Erie, Pa. 
29-Oct. 1 Colorado School of Mines, 
76th anniversary celebration. 

Seuthern Ohio Section 
m 
Columbus. 
OCTOBER 


5-7 Petroleum AIME, 
meeting, Plaza Rotel, San 


Texas. 

13-14 Texas Mid-Continent Oil and Gas 
Association, annual meeting, Rice 
Hotel, Houston. 


14 Eastern Hearth Com- 
mittee, Iron and Steel Division, 
mal all-day fall meeting, War- 

wick Hotel phia. 


14: Southwestern Section, Open Hearth 
Iren and Steel Division, 


Kansas City, Mo. 
17-19 Institute of Metals Di 
AIME, fall 


Cleveland. 

17-23 AIEE, 1949 Mid-West meeting, 
Netherland Plaza, Cincinnati. 

20-21 Petroleum Branch, AIME, Elks 
Clab, Les Angeles. 

24-28 Thirty-seventh National Safety 
Congress and Exposition, Chicago. 

26-27 Joint. Fuels Conference, ASME- 
sa, French Lick Springs Hotel, 


rgh Section, 

AIME, annual fall meeting, Wwil- 
liam Penn Hotel. Pittsburzh. 

28-29 ECPD, annual meeting, Edge- 
water Beach Hotel, Chicago. 


NOVEMBER 

1-5 Pacific Chemical Exposition, Cali- 
fornia Section, American Chemica] 
Society, San Francisco Civie Audi- 
torium. 


of Civil Engi- 
neers, fail ing, Washington, 


7-10 ‘AICHE, annual meeting, Pitts- 
9-11 Industrial Minerals Division, 


AIME, Tampa, 

12-14 Geological Society of saat. 
annual meeting, Hotel Cortez, E 
Paso. 

DECEMBER 


8-10 Seventh Annes! Conference, Elec- 
trie Furnace Steel Committee, Iron 
a , AIME, Hotel 
William Pena, 

JANUARY 1950 


18-20 American Society of Civil Engi- 
neers, annual meeting, New York. 
30 AIEE, winter meeting, New York. 


FEBRUARY 1950 


12-16 Annual M anes. | 

APRIL 1950 

10-12 Open Hearth Conference, and 
Blast Furnace, 


nein: 
19-21 American ety of Civil Engi- 
neers, spring meeting, Los Angeles. 


NOVEMBER 195¢ 
of America, 
annual meeting ‘otel Statler, 
DECEMBER 1950 


7-9 Ae Annual Conference, Elec- 
tric Furnace Steel Committee, Iron 
and St Division. AIME, Hotel 

William Penn, Pittsburgh. 


26% to a total of 5695; for the goy. 
ernmental agencies, 9% to one of 
2479. Agencies of the state govern. 
ments actually expected a substantial 
increase. 

On the basis of the starting rates 
reported, 25% of these men at the 
Bachelors’ level would receive a start. 
ing rate of $275 per month or more, 
50% one of $255 or more (the so 
called median rate) and 75% one of 
$250 or more. 


The median rates reported by or- 
ganizations, without regard to the 
numbers of men to be employed, were 
$255 for Bachelors’, $300 for Mas 
ters’, and $375 for Doctors’ degrees. 

A median monthly increase of $30 
is given by the end of the first year 
by the organizations in this group. 
45% of them give this total at one 
time, 49% in two installments, and 
the remainder in three or four install- 
ments. 

In order to secure some indication 
of the recent trend in salaries of en- 
gineering graduates with experience, 
the survey also requested data for 
those 10 years beyond their Bachelors’ 
degrees late in 1946 and those who 
were 10 years out late in 1948. Only 
82 organizations provided these data 
and, to some extent, they represent 
estimates rather than exact figures. 
For 1511 graduates 10 years out in 
1946, the median monthly salary was 
$375 and for 1431 who were 10 years 
out in 1948 it was $450, or 20% more. 
The 1946 figure corresponds closely 
with that secured by a survey of in- 
dividual engineering society members 
at that time, and on that basis the 
current data for both years may be 
regarded as reasonably reliable. 


lf You Are Visiting Dayton 

AIME members visiting Dayton, 
Ohio, are cordially invited to make 
use of the facilities of the Engineers’ 
Club of Dayton, 112 E. Monument 
Ave., one block from the downtown 
business district. A guest card good 
for two weeks will be provided upon 
proper identification. Sleeping facili- 
ties are not available, but regular 
luncheons are served, a reading and 
billiard room is provided, and there 
is an excellent library of 10,000 vol 
umes, with 100 periodicals received. 
William Siler is manager. 
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Calendar of Coming Meetings 
JUNE 
2 Rene Branch, Nevada Section, 
3 3 Columbia Section, AIME. 
meeting, Blacks- 
‘ burg, Va. 
Lick, Ind. Hotel, 
" June 27-July 1 ‘ASTM, 62nd annual 
meeting, Chalfonte-Haddon Hall, 
Atlantic City, N. J. 
20-22 American Society of Heating and 
Ventilating Engineers, semi-annual 
| 
SEPTEMBER 
: 25-28 Mid-year Meeting, AIME, Neil 
Heuse, Columbus, Ohic. 
25-28 American Mining Congress, 
Western meeting. Spokane. Raw Materials Conference. Neth- 
Section 2 


PRESIDING ATTEND.- SPEAKER, AFFILIA x 
SECTION DATE PLACE OFFICER ANCE AND SUBJECT 
P.Swift.....] 146 | Clifford L.c E.B. Son“ s‘An 
Boston April George 5.2 
Bier. 96-5 P. 69 c. P. N 
Carlsbad Potash J Theis, New Mexico state geologist, on 
Carlsbad Potash April J States Cooperative, on 
Carisbad Potash....| April 23 | Carlsbad.................. J.-P. 146 Annual spring dance. 
April 6 | Chicago Bar Association..... T. S. Washburn... .... 83 
on precipitation hardening of aluminum alloys. 
Cleveland Press, on sepects of the economic 
Columbia.......... April 1 | Spokane, Idaho............ Howard P. Sherman 61 Robert D. Dall attorney, Communist 
technique and etreteny. 
dl 13 H. L. 58 Epilett, Maxwell and 
Connecticut April Bridgeport Burghoff Manning, 
Delta, Mississippi April 21 | Laurel, Miss............... R. E. France. . 82 Walter F. Rage, Gall O8 on 
Subsection well corrosion. E. Duskeo, California 
Research Corp., on Marion 
Detroit... April 18 | Detroit.................... Eric Weinman.......].......... W. L. Grube, General Motors Corp., the 
diectron microscope as metallurgical 
Metals..... 13 | T of Mines...... lack Despins........ 38 Baxter T of Mines and Metal- 
El Paso April exas College J Despins Somme 
sional engineers. 
Lehigh Valley...... Mar. 25 | Bethlehem................. F. E. Van Voris...... 103 Bruce S. Old, Arthur D. Li I on radio- 
active tracers in in metall 
tion. A. Ly on 
tracers in 
Montana.......... Mar. 29 | School of Mines, Butte... .. . Hollis McCrea....... 130 of rie 
Montana.......... April 26 | Anaconda Copper M. Corp..}.... Visit to Anaconda ferromanganese plant. R. H. 
ferromanganese operations. 
New York......... Mar. 10 | Mining Club............... Thomas G. Moore 69 Claude A. Williams, Transcontinental 
Gas Pipe Line Corp., 
New York......... April 13 | Mining Club............... T. B. Counselman. . 87 R hief geologist, Labrador Mining 
on the er-Hanne 
Iron "development in “New Quebec and 
Branch University of on The Bead Re- 
Nevada, Reno May 5 A. C. Johnson... 44 Business meeting. Mackay School of Mines 
North Pacific. ..... Kenneth Anderson... 52 Field trip, Boeing Airplane Co. 
ania- April 22 | Altamont Hotel, Hazelton Spring S. H. Ash, chief, Branch, 
Goal Coal Mine Meshanisation. C. 
Rubber Co., comments on 
iene “The Way Out.” 
SEES «so cas des Mar. 18 | Hotel York................ Herbert A. Franke 36 Fred B. Loomis, Shell Oil Co., on oil 
tion. Paper prepared by Ernest G. R: 
pictures taken in South Africa. 
San Francisco... ... 13 E. H. Wisser......... 39 2... American Brass on 
April Engineers James emp, Co., 
San Francisco... .. Mar.9 | Engineers Club............. E. H. Wisser......... 84 Edward Morris. Movies on California’s gold 
mines. 
Southwestern N Joseph H. Taylor.... . 27 W. H. Goodrich and W. R. Storms. Reports on 
Mexico aad AIME Annual Meeting. 
Southwestern N April 13 | Bayard.................... Joseph H. Taylor..... 61 E. A. Slover, Chino 
ttm 
& Refining Co., “El Paso dine Fusing Plant. 
Ohio Valley | April 11 | Columbus. ................ William Mueller...... 40 | William Mueller, Department of Metallurgy 
Ohio State University, d ates oopent on 
annual mecting. Johnson, telle 
Memorial Institute, of new Section 
-laws and 
or 
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What Went on at Recent Local Section Meetings 
| 


The Peak Is Passed 


At last the postwar boom in metal 
prices has ended, and some mining 
companies, operating high-cost prop- 
erties, will now have to curtail or close 
down. Copper at 2344¢ was high but 
not to be compared with lead at 2142¢, 
so the price of the former offered more 
resistance to decline, and began with 
but a slight shading by one seller. 
Lead, on the other hand took a head- 
long tumble, in less than a month, 
from 214%¢ to 16¢, and then dropped 
still further, to 14¢, by the middle of 
May. Zinc never got up to the price 
of lead, though before the war it ruled 
somewhat higher. From a high of 
174%¢ it had dropped to 14¢ in mid- 
May. Copper was 18¢. 

The high prices had the normal 
effect of stimulating an enormous 
amount of exploration and develop- 
ment work, and plant extensions. In 
a large number of instances the geolo- 
gists have been successful, as Donald 
M. Davidson showed in his most inter- 
esting article in the March Mining 
Engineering. Important new metal 
mines are springing up all over the 
world. Unfortunately most of them 
will come into production when the 
demand has quieted down, and their 
added pressure on the market will 
drive prices still lower. Mineral pro- 
duction cannot respond to prices as 
quickly as can that of many other 
commodities. 

Coal and oil, likewise, are in ample 
supply, but the price of oil never 
boomed like the prices of the nonfer- 
rous metals, so has better resisted a 
decline. Coal has been more nearly 
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in line with the cost of production, so 
until wages come down, which we un- 
derstand Mr. Lewis is not planning, no 
great cuts in price are likely there. 

Though the metal mines will get less 
for their product from now on, there 
will be compensations. Labor will be 
easier to get and will work harder, and 
the cost of supplies will be less. 


Good Times or Bad Times? 


Our electrician, whom we called in 
the other day only to find a blown fuse 
that we did not have intelligence 
enough to find ourselves, told us that 
now he is really glad to have work, 
and no longer is trying to escape it. 
He says helpers are much easier to get 
too, and what’s more they work instead 
of sitting around talking. This condi- 
tion seems to be returning in all fields 
of activity. Even in professional min- 
ing, more people are looking for jobs, 
and less employers are calling for men. 
If not carried too far, the condition is 
a healthy one, and makes for better 
work habits. It will, of itself, reduce 
the number of jobs, however, for if 
everybody works ten per cent harder, 
then ten per cent less people will be 
needed to do the country’s work. A 
diligent person, can, we suspect, still 
find something to do. 


Buyers’ Market for 
Graduates, Too 

Engineering graduates this year are 
not able to sit back and take their 
choice of several offered jobs, which 
is the condition that has existed in 
recent years. The supply of graduates 


THE DRIFT OF THINGS 
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is increasing and the demand, owing 
to the recession in industrial activity, 
is decreasing. Many graduates that 
expected employers to come after 
them have found that they must go 
out and rustle jobs for themselves. 

Employers tells us that where half 
the offers they made to students have 
been rejected in the last few years, 
the proportion is now onlv about 25 
percent, and that most of this 25 per- 
cent is made up of men who plan to 
take graduate work or who have de- 
cided to work in local areas close to 
their homes. The increasing propor- 
tion of students that plan to take 
graduate work, in part because they 
cannot get attractive jobs, will make 
it just that much harder for those 
with Bachelors’ degrees to get jobs 
in the years to come. 

Also, we learn from employers that 
the character of the present crop of 
graduates has changed. Heretofore, 
most of them had had actual military 
service, and many had held commis- 
sions—in general a most desirable 
group, earnest, mature boys, trained 
in administration and supervision as 
well as in their technical specialty. 
Now, they are classifiable for the most 
part into two groups—(1) really out- 
standing boys and (2) graduates that 
should never have gotten that far in 
their schooling, the “4F’s in the head,” 
who went to college because there was 
nothing else to do and they could do 
so at the taxpayers’ expense. They 
have not had much military experi- 
ence—mostly just in camps. Even 
with a degree they will have rather 
hard sledding this year. The first 
group, however, the cream of the 
crop, should have no particular difi- 
culty locating a satisfactory job even 
though they may have to go after it 
instead of it coming to them. 
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Gold Output Still Lags 

U. S. Gold output last year was 
yalued at 73 million dollars—just 
about half what it was before the war. 
The picture for the gold mines, how- 
ever, is not as bright even as that 
might indicate, for most of the gold 
is obtained as a by-product, and would 
be produced whatever the price. Home- 
stake is about the only straight gold 
mine of any importance left in the 
country. Canada has more gold mines 
by far; its output last year got back 
up to 123 million dollars, compared 
with 143 million in 1937. The freer 
labor supply and the current reduc- 
tions in the price of supplies will re- 
dound to the advantage of the gold 
mines but it will take a real depression 
to make them prosperous. That is, 
unless the Government decides on what 
seems to us the sensible course of 
letting the gold miners sell their prod- 
uct freely for whatever it will bring. 
Certainly less than a hundred million 
dollars’ worth of gold exported from 
the country in a year will not upset the 
international monetary commission. 

Before we leave the subject of gold 
we might repeat an advertisement that 
the New York Herald Tribune reprints 
from an issue published 100 years 
ago: “Seekers after gold in the rivers 
and streams of California will need a 
suit of India-rubber to protect them 
from wet in their researches. Com- 
plete outfits of this material, coats, 
caps, boots, pantaloons with boots at- 
tached, camp blankets, life preservers, 
canteens, pails for collecting the gold 
&c. &c. for sale to enterprising adven- 
turers at low prices by Ellis Tompkins 
& Co., New India-Rubber Warehouse, 
28 John St.” The pails for collecting 
the gold are now but rarely used. 


$5-a-Ton Oxygen 


Metallurgists have been using more 
oxygen in the last decade or so than 
ever before. Compared with air it 
speeds up reactions and thus gives 
added capacity. A considerable fillip 
to this use may result if its cost can 
be cut by any such figure as is indi- 
cated by news of a plant in Texas 
built by Dresser Industries. This plant 
is said to have attained an output of 
more than 175 tons of 90-95% oxygen 
a day at a cost of only $5 per ton. 
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Although this is somewhat lower in 
grade than the 99% oxygen ordinarily 
used in large quantities, the cost is 
only about a tenth as much. The dif- 
ference in grade should not be of any 
particular importance in most metal- 
lurgical processes, but any such dif- 
ference in cost should open up an 
enormous new field of application. 

We have not read the details of the 
new process other than that it depends 
on a low-pressure self-contained cycle, 
using only cooling water and natural 
gas for fuel. Air is compressed to 85 
lb, and then cooled by expansion and 
self-refrigeration. Carbon dioxide and 
other impurities are removed by de- 
position on special aluminum fin-tube 
exchangers, and the oxygen and nitro- 
gen separated in aluminum fractionat- 
ing columns. 


Scientific vs Legal Minerals 

Down in Texas, Mrs. Emilie Heinat 
had willed surface rights to her 400- 
acre farm to a daughter, and the min- 
eral rights to trustees for all of her 
children. When it was found that 
limestone could be produced commer- 
cially on the property, those to whom 
the mineral rights had been willed 
sued for possession of the property. 
The trial court held that limestone is 
a mineral, so the mineral owners 
should have the farm. The Court of 
Civil Appeals disagreed, and the 
Texas Supreme Court upheld the ap- 
peal. The interpretation of mineral 
rights was given by Associate Justice 
Smedley as follows: 

“Substances such as sand, gravel, 
and limestone are not minerals with- 
in the ordinary and natural meaning 
of the word unless they are rare and 
exceptional in character, or possess 
a peculiar property giving them spe- 
cial value, as for example sand that 
is valuable for making glass, and 
limestone of such quality that it may 
be profitably manufactured into 
cement. Such substances, when they 
are useful only for building and road- 
making purposes, are not regarded as 
minerals in the generally accepted 
meaning of the word.” 

So, according to the newspaper re- 
port, “Limestone is not a legal min- 
eral, although it may be a scientific 
mineral”! This is just so that our 
readers will be informed of the dis- 
tinction, should they ever be asked. 


An Apposite Title 

Three years ago we suggested that 
the title “Honorable” might better be 
applied to engineers than to lawyers 
and politicians. There was no ap- 
parent stampede to adopt our excel- 
lent suggestion, but we note with 
approval that the seed we sowed at 
that time has finally sprouted. In its 
announcement of “National Presi- 
dent’s Night” on May 2 the Pitts- 
burgh Section of the AIME offers an 
illustrated talk by 

The Honorable Lewis E. Young 

Consulting Mining Engineer 
President AIME 

Even more than Brutus, Dr. Young 
is an honorable man. So are all en- 
gineers, all honorable men. 


We Are Threatened 


One of our Communist members ap- 
parently does not share our expressed 
belief in the last issue that the North 
Atlantic Pact is desirable, for we have 
received an anonymous communica- 
tion in big black print (no skull 
and crossbones however) that says: 
“North Atlantic Pact Means the Be- 
ganing of Wa #III and the End of 
America and You!” [sic] With only 
a slight tremble, we agree that our 
friend may be right, but the alterna- 
tive, as we see it, is to let the Com- 
munists take over the world peace- 
ably, and we prefer to take the chance 
of standing our ground with a gun. 


Gold in the Black Hills 


Robert J. Casey has just published 
a book entitled “The Black Hills and 
Their Incredible Characters,” and 
those interested in the folklore of one 
of our oldest mining districts will find 
much in it of interest. It includes, 
of course, the story of the biggest gold 
mine in the United States, the Home- 
stake, and of other attempts to mine 
gold in the district. “It seems strange 
to me that there should be so little 
successful mining of precious metals 
in these parts today,” the author re- 
ports himself as saying to Chambers 
Kellar, general counsel for the Home- 
stake. “Surely there is as much gold 
in the ground as was ever taken out.” 
“Well,” said Mr. Kellar, “that is one 
theory. The other theory is that there 
isn’t.” 

The matter was never so clearly 
stated in an AIME T.P. 
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This “rogues gallery” 


Lafayette College 

The John Markle Society’s last tech- 
nical meeting of the year was held on 
April 26. It was highlighted by a 
spectacular demonstration of velocity 
power tools, given by W. S. McCon- 
nell, of the Mine Safety Appliances 
Co. A slide film, “The Changing 
World,” was also presented, with a 
commentary by William Shaffer, met- 
allurgical engineer of the class of *49. 
Society members wound up the ses- 
sion with the usual refreshments.— 
John Siergiej, Jr., Secretary. 


Louisiana State University 


The reactivated Student Chapter at 
LSU has been busy meeting bi- 
monthly to hear interesting speakers, 
and arranging a student paper con- 
test. Dan Grady, of the Hycalog Co., 
addressed the March 24 meeting, pre- 
senting a paper on “Hydrocarbon Pro- 
files in Mud Logging.” On April 7, 
J. E. Smith, of the Johnston Oil Field 
Service Corp., offered his paper en- 
titled “Drill Stem Testing Procedure 
in Open Hole.” 

The Chapter is now engaged in a 
student paper competition, the win- 
ners of which will present their work 
before the Delta Section, AIME, some- 
time in April—Mahlon F. Manville, 
Corresponding Secretary. 


Yale University 

At its Dec. 2 meeting, the Yale 
Metallurgical Society was addressed 
by Richard J. Christine, metallurgist 
of the American Brass Co. at Torring- 
ton, Conn. Mr. Christine discussed 
the question of what industry expects 
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of the newly graduated metallurgist. 
The personal relations of the engineer 
in industry were emphasized, and Mr. 
Christine told some of his interesting 
experiences. Following the formal 
address questions were asked and dis- 
cussion ensued. The February 15 
meeting was addressed by I. J. Hook, 
research Engineer of American Brass 
Co., Ansonia, Conn. The Society’s 
President, Denis A. Nankivell, intro- 
duced Mr. Hook, who discussed the 
general aspects of Anaconda copper 
production in the Montana area be- 
fore showing a movie on this subject. 
The movie covered the mining, smelt- 
ing, and refining of copper in the 
district. Mr. Hook concluded his ad- 
dress, and the meeting, with a discus- 
sion period. About twenty-five mem- 
bers attended the meeting.—V oluntine 
T. Potter, Secretary. 


Current Institute Papers 

The following papers in the three jour- 
nals are available to Institute members. 
Each member will receive one classifica- 
tion in the journal of his choice. Mem- 
bers may obtain papers in the two re- 
maining classifications by purchasing the 
indicated issue of the journal at $0.75 per 
copy. There are no separate copies of 
the individual papers. ME means Min- 
ing Engineering, JM Journal of Metals, 
and JPT Journal of Petroleum Tech- 
nology. 


Metals Papers 

Cadmium Recovery Practice in Lead 
Smelting. By P. C. Feddersen and H. E. 
Lee. February JM. 


Development of Muffle Furnaces for the 
Production of Zinc Oxide and Zinc at 
East Chicago, Ind. G. E. Johnson. Feb- 
ruary JM. 


The Effect of Orientation Difference on 
Grain Boundary Energies. By. C. ¢. 
Dunn and F. Lionetti. February JM. 


Solubility Relationships of the R 
Monocarbides. By J. T. Norton and A. 1. 
Mowry. February JM. 


Pressure Distribution in Compacting 
Metal Powders. By Pol Duwez and Leg 
Zwell. February JM. 


Preferred Orientation in Rolled and Re. 
crystallized Beryllium. By A. Smigelskas 
and C. S.’ Barrett. February JM. 


Self-Diffusion in Sintering of Metallic 
Particles. By G. C. Kuczynski. February 
JM. 


Homogeneous Yielding of Carburized 
and Nitrided Single Iron Crystals. By 
A. N. Holden and J. H. Hollomon. Feb. 
ruary JM. 


The Surface Tension of Solid Copper. 
By H. Udin, A. J. Shaler, and John 
Wulff. February JM. 


The Ionic Nature of Metallurgical Slags 
—Simple Oxide Systems. By John Chip- 
man and Lo-Ching Chang. February JM. 


Properties of Chromium Boride and Sin- 
tered Chromium Boride. By S. J. Sinde 
band. February JM. 


Magnesium-Lithium Base Alloys—Prepa- 
ration, Fabrication, and General Char- 
acteristics. By J. H. Jackson, P. D. Frost, 
A. C. Loonam, L. W. Eastwood, and 
C. H. Lorig. February JM. 


The Recovery of Cadmium from Cad- 
mium-copper Precipitate By G. H. An 
derson. March JM. 


Electrolytic Zinc at Risdon, Tasmania, 
Major Changes Since 1936. By S. W. 
Ross. March JM. 


The Hardenability Effect of Molybdenum. 
By J. M. Hodge, J. L. Giove, and R. G. 
Storm. March JM 


A Method of Examination of Fine Metal 
Powder Particles with the Electron 
Microscope. By Laurence Delisle. Marck 
JM. 


The Effect of Ferrite Grain Size on Noteh 
Toughness. By J. M. Hodge, R. D. Man 
ning, and H. M. Reichhold. March JM. 


Recrystallization and Microstructure of 
Aluminum Killed Deep Drawing Steel 
By R. L. Rickett, S. H. Kalin, and J. T. 
MacKenzie, Jr. March JM 
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Precipitation Phenomena in the Solid So- 
jutions of Nitrogen and Carbon in Alpha 
fron Below the Eutectoid Temperature. 
By L. J. Dijkstra. March JM. 


Concentration of the So, Content of 
Dwight-Lloyd Sintering Machine Gas by 
Recirculation. By W. S. Reid. April 
JM. 


The Crystal Structure of Ni,W. By E. 
Epremian and D. Harker. April JM. 


Sulphur Equilibria Between Iron Blast 
Furnace Slags and Metal. By G. G. 
Hatch and John Chipman. April JM. 


The Beryllium-iron System. By R. J. 
Teitel and Morris Cohen. April JM. 


Discussion, Institute of Metals Division. 
May JM. 


The Effect of High Copper Content on 
the Operation of a Lead Blast Furnace, 
and Treatment of the Copper and Lead 
Produced. By A. A. Collins. May JM. 


What is Metallurgy? By John Chipman. 
June JM. 


The Sigma Phase in Ternary Cr-Co-Fe 


and Cr-Co-Ni Alloys. By P. A. Beck and 
W. D. Manly. June JM. 


Distillation of Zinc From Copper Base 
Alloys and Galvanizers Drosses. By F. F. 
Poland. June JM. 


Cadmium Recovery Practice at the 
Donora Zinc Works. By G. T. Smith and 
R. C. Moyer. June JM. 


The Statistical Nature of the Endurance 
Limit. By J. T. Ransom and R. F. Mehl. 
June JM. 


Investigation of Temper Brittleness in 
Low-alloy Steels. By S. A. Herres and 
A. R. Elsea. June JM. 


Oriented Arrangements of Thin Alumi- 
num Films on Ionic Substrates. By T. N. 
Rhodin, Jr. June JM. 


P-type and N-type Silicon and the For- 
mation of the Photovoltaic Barrier in 
Silicon Ingots. By J. H. Scaff, H. C. 
Theuerer, and E. E. Schumacher. June 
JM. 


Microstructures of Silicon Ingots. By 
W. G. Pfann and J. H. Sceff. June JM. 


Mining Papers 


Alluvial Tin Mining in Malaya. By A. D. 
Hughes. March ME. 
Sampling of Coal for Float and Sink 


Tests. By A. L. Bailey and B. A. Landry. 
March ME. 


Drilling Blastholes- at the Holden Mine 
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upp-Frantz ae Filter. By 
. Bertholf and J. D. Price. April 


id Fuels from Coal. By 
. April ME. 


Sampling Unconsolidated 
L. W. Dupuy. May ME. 


Mill Speed at Tennessee 
By J. F. Myers and F. M. 
ME. 


iff FE 


Temperature Compensation of Old Type 
Askania Magnetometers. By T. Koulom- 
zine. May ME. 


Municipal Water Needs vs. Coal Mine 
Stripping. By G. M. Dexter. May ME. 


Correlation of the Performance Charac- 
teristics of Domestic Stoker Coals With 
Their Chemical and Petrographic Com- 
position. By R. J. Helfinstine and G. H. 
Cady. May ME. 


Ready-Made Heat From Coal. By D. W. 
Loucks. May ME. 


Sinking With the MHydro-mucker at 
Mather “B” Shaft. By J. S. Westwater. 
June ME. 


Diamond Drilling Quartz-feldspar Inter- 
growths. By L. C. Armstrong. June ME. 


Safety Practices at the Crestmore Mine 
of the Riverside Cement Co. By R. H. 
Wightman and G. H. Adams. June ME. 


Sintering Characteristics of Minus Sixty- 
five and Twenty Mesh Magnetite. By 
Alan Stanley and J. C. Mead. June ME. 


Humphreys Spiral Concentration on 
Mesabi Rrange Ores. By W. E. Brown 
and L. J. Erck. June ME. 


Formation and Properties of Single Crys- 
tals of Synthetic Rutile. By C. H. Moore, 
Jr. June ME. 


Coal Washing in Washington, Oregon 
and Alaska. By M. R. Greer and H. F. 
Yancey. June ME. 


A Study of Coal Classification and Its 
Application to the Coking Properties of 
Coal. By Michael Perch and C. C. Rus- 
sell. June ME. 


An Evaluation of the Performance of 
Thirty-three Residential Stoker Coals. 


Work of the U. S. Geological Survey on 
Coal and Coal Reserves. By Paul Averitt. 
June ME. 


Petroleum Papers 


Semi-automatic Power-Operated Drilling 
Machinery. By M. E. True and B, L. 
Stone. February JPT. 


The Core Recorder. By Clark Millison. 
February JPT. 


Capillary Pressures—Their Measurement 
Using Mercury and the Calculation of 
Permeability Therefrom. By W. R. Pur- 
cell February JPT. 


Effects of Transient Conditions in Gas 
Reservoirs. By D. T. MacRoberts. Feb- 
ruary JPT. 


Outline of Weather and Wave Forecast- 
ing Techniques. By A. H. Glenn and 
J. E. Graham. February JPT. 


A Study of Oil and Gas Conservation in 
the Pickton Field. By J. R. Welsh, R. E. 
Simpson, J. W. Smith, and C. S. Yust. 
March JPT. 


Methane Hydrate at High Pressure. By 
Riki Kobayashi and D. L. Katz. March 
JPT. 


Method of Establishing a Stabilized Back- 
pressure Curve for Gas Wells Producing 
From Reservoirs of Extremely Low Per- 
meability. By E. R. Haymaker, C. W. 
Binckley, and F. R. Burgess. March JPT. 


Gas Hydrates of Carbon Dioxide-Me- 
thane Mixtures. By C. H. Unruh and 
D. L. Katz. March JPT. 


Gas Hydrates of Carbon Dioxide-Methane 
Mixtures. By C. H. Unruh and D. L. 
Katz. April JPT. 


Gulf of Mexico Floating Drilling Tender. 
By C. P. Besse and G. W. Osborne. 
April JPT. 


Estimation of Reserves and Water Drive 
From Pressure and Production History. 
By E. R. Brownscombe and Francis Col- 
lins. April JPT. 


Relation Between Pressure and Recovery 
in Long Core Water Floods. By J. N. 
Breston and R. V. Hughes. Apri! JPT. 
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Harry L. Kirkpatrick 


Two more outstanding coal mining 
students, Harry L. Kirkpatrick of the 
University of Kentucky, and Alvey B. 
Rushton, of Lehigh University, have 
been honored by the Old Timers Club 
for scholastic excellence and evidence of 
being “likely to succeed.” In addition, 
the Club has chosen George R. Eadie 
for citation as the most outstanding 
mining graduate of the year. 


Mr. Kirkpatrick, who will receive his 
B.S. degree in June, was awarded an 
engraved gold watch at a general engi- 
neering assembly on Feb. 10 by E. R. 
Price, chairman of the AIME Coal 
Division. The lucky recipient is from 
Lexington, Ky., married, and the grand- 
son of Harry L. Kirkpatrick, long prom- 
inent in the Western Kentucky <oal 
industry. 


Mr. Rushton hails from New Kensing- 
ton, Pa., and is following in his family’s 
footsteps in entering the coal industry. 
He’s a veteran of two years’ wartime 
service with the Marines, and was elected 
to Tau Beta Pi at Lehigh, which school 
he entered in 1944. J. Ray Ulrich made 
the gold watch award on March 24. 


Mr. Eadie graduated from the Uni- 
versity of Illinois in February of this 
year, and is now employed by the H. C. 
Frick Coal Co., Pittsburgh. His three 
years in the Army Air Forces followed 
a stint at the University of Southern 
Illinois, and then postwar studies brought 
him to the Missouri School of Mines, 
which he attended until 1948. Last sum- 
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Alvey B. Rushton 


mer he worked in the engineering de- 
partment of the Mt. Olive and Staunton 
Coal Co., before returning to the Uni- 
versity to take his degree. Paul Weir, 
president of the Old Timers Club, and 
head of the Paul Weir Co., Chicago, 
made the award, an engraved gold pocket 
watch, at the March 8 meeting of the 
Mineral Industries Society. 


James Boyd, Director of the U. S. 
Bureau of Mines, will be the principal 
speaker at the Montana School of Mines 
Commencement exercises on June 10. 


R. K. Comann in November of last 
year was transferred from the U. S. 
Gypsum Company’s Plaster City, Calif., 
plant to the home office in Chicago. 
Since that time he has been in the 
engineering department and now is work- 
ing at the Staten Island, N. Y., plant. 


Walter B. Jones, state geologist of 
Alabama, was elected president for 1949- 
1950 of the Association of American 
State Geologists at its annual meeting 
in San Francisco. He succeeds Garland 
Peyton, director of the Georgia Depart- 
ment of Mines, Mining, and Geology. 


Harry L. McKelvey has left La Luz 
Mines Ltd., Siuna, Nicaragua, to accept 
the post of mine superintendent with 
the New Idria Honduras Mining Co. at 
Santa Rosa de Copan, Honduras. 


John A. Reeves, former University 
of Utah student, is assistant mining en- 
gineer for the Independent Coal and 
Coke Co., Kenilworth, Utah. 


George R. Eadie 


Jack W. Reinhart is a junior geolo- 
gist for the American Smelting and Re. 
fining Co., Silver City, N. Mex. 


A. E. Ring retired from active ser. 
vice as manager of the Southwestern 
division of the Western mining depart- 
ment of the American Smelting and 
Refining Co. on March 1. He is 
home at 2001 E. Elm St., Tucson, Ariz 


K. A. Rogers has moved to Phoenix, 
Ariz., from Chippewa Falls, Wis. He had 
been with the Bureau of Mines and is 
now engineer with the Davis Dam Trans 
mission System, Parker Dam, Calif. 


James A. Ross has been elected 
first vice-president of the Industrial Dia- 
mond Association of America. 

Morris E. Sandvig, University of 
Minnesota man, is a testing engineer 
for the Erie Mining Co., Aurora, Minn. 
His mailing address is Box 147, Aurore. 


John T. Schimmel is time study en- 
gineer for the Consolidation Coal Co, 
Rivesville, W. Va., and can be reached 
at 108 Chicago St., Fairmont, W. Va 


Howard G. Schoenike is a geologist 
with the M. A. Hanna Co. at Iron River, 
Mich. He was previously employed #® 
a geologist for Butler Brothers, who te 
cently sold their interest to M. A. Hanna. 


Dorner T. Schueler, Jr., has the 
job of engineer with the Industrial Mix 
erals and Chemical Co., Berkeley, Calif, 
and is addressed in that city at 115 
Calusa Ave. 
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U. S. Smelting Staff Changes at Midvale 


Robert Wallace retired on April 1 
gs manager of the Midvale plant of the 
Uj S. Smelting Refining and Mining Co. 
after 33 years of continuous service with 
the Company, beginning on Jan. 13, 
1916, when he was employed as general 
roaster foreman. By 1924 he was super- 
jntendent of the Midvale plant and in 
1939 he became its manager. He now 
winds up 44 years of interesting work 
gd achievement in the mining and 
smelting industry. After graduating from 
Harvard in 1905 he went to work in the 
engineering department of the Cleveland- 
Cliffs Iron Co., departing from Ishpem- 
ing for Old Mexico where he was min- 
ing engineer for the AS&R at their 

jes in Santa Eulalia and Sierra 
Mojada. Back in the States in 1909, he 
worked for the Mammoth Copper Co., 
and the American Zinc, Lead and Smelt- 
ing Co. In 1914 he went to Utah to 
work at the Utah Apex in Bingham as 
a metallurgist in the concentrator. Mr. 
Wallace recalls that while he was metal- 
jurgist of the mill during 1914 and 1915 
flotation machines were installed to ex- 
tract lead minerals from the ore and 
this, he believes, was the first applica- 
tion of flotation to concentrate lead ores 
that was made in the State of Utah. 


Hugo L. Johnson became general 
superintendent of the Midvale plant of 
the U. S. Smelting Refining and Mining 
Co. on April 1 and has direct charge of 
all operations of the plant and of the 
ore ing department formerly han- 
died by Mr. Wallace. Mr. Johnson started 
with the Company 33 years ago as a 
draftsman in a subsidiary, the U. S. S. 
lead Refinery. In 1918 he was made 
supervisor of the employe service depart- 
ment and four years later became su- 
perintendent of the silver refinery. In 
1931 supervision of the engineering and 


maintenance department was added to 
his duties. He then transferred to Utah 
as superintendent of the gold and silver 
parting plant at Midvale which was built 
in 1933 along with the Parkes process 
lead refinery. Continuing his upward mo- 
tion, he was in charge of the construc- 
tion and operation of a pilot zinc plant, 
night superintendent at Midvale, assistant 
smelter superintendent, and in 1946* was 
made assistant to the manager of the 
plan, which position he held until his 


recent promotion. 


Archie A. Nelson, who has been 
research engineer and who will continue 
to direct that work, has been appointed 
assistant smelter superintendent. He 
succeeds W. M. Whitecotton, who has 
been assistant smelter superintendent and 
in charge of blast furnace operations, 
and who requested that he be relieved 
of the responsibility of these posts be- 
cause of his health. Mr. Whitecotton 
will remain at the plant as research 
engineer. Mr. Nelson has been with the 
Midvale plant for the past twenty years 
except for six years as mill superin- 
tendent and assistant manager of a com- 
pany subsidiary, MicMac Mines Ltd. in 
Canada. Mr. Whitecotton was foreman 
of the cadmium plant of Midvale in 
1915 and 1916, after which he was with 
the Electrolytic Zinc Co. of Australasia 
as superintendent of its zinc plant at 
Hobart, Tasmania, until 1922 when he 
returned to this country. After eleven 
years in various places, he returned to 
Midvale as roaster superintendent. 


M. J. Belich has become general 
roaster foreman at Midvale. He has 
worked there since he finished his studies 
at the University of Utah on the 1939 
W. H. Eardley scholarship in metallurgy 
awarded by the Company. Since 1946 
he has been night superintendent. 


John F. Schultze is a metallurgist 
in the Leadville milling unit of the 
American Smelting and Refining Co., 
Leadville, Colo. He receives his mail 
there at Box 27. 


R. R. Schultz has resigned from his 
post with the Nordberg Mfg. Co. to be- 
come sales manager of the Willamette 
Ion and Steel Co., Portland, Oreg. 

John E. Schumacher, Jr., although 
addressed at P. O. Box 689, Pottsville, 
Pa, is a field geologist for the Stanolind 
Oil and Gas Co., Casper, Wyo. 


Henry E. Schweinsberg, former 
Viee-president and sales manager of the 
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Fields Mfg. Co., is president of CAR- 


BIT, Inc., Highland Bldg., Pittsburgh 
6. Pa. 


George C. Selfridge has been ap- 
pointed mine superintendent of the Fres- 
nillo and Zacatecas mines of the Fres- 
nillo Co., Fresnillo, Zac., Mexico. He 
was formerly associated with the Man- 
hattan District and the Atomic Energy 
Commission as chief of the exploration 
branch, raw materials division. 


Paul Semkeo is chief of party of the 
geophysical exploration division of the 
Pennsylvania Turnpike Commission, do- 
ing geophysical field operations and earth 


resistivity determinations. His address is 
646 Warren Ave., Kingston, Pa. 

Arthur E. Shannon is sales engi- 
neer for the Jeffrey Mfg. Co., with a 
mailing address at P. O. Drawer 1078, 
Morgantown, W. Va. 


Charles Gottschalk 


Charles Gottschalk spent a month 
this spring in the States visiting his 
son and family in Baltimore after com- 
pleting a two-year assignment in Japan 
as consultant on coal production prob- 
lems. He is attached to the economic sec- 
tion of Military Government and ex- 
pected to report back for duty early in 
May. 


Ely Silverman, of the Tennessee 
Cepper Co., is in Oak Ridge, Tenn., 
studying the techniques of using radio- 
isotopes in research. He is one of 32 
scientists from the States and several 
foreign countries enrolled in the seventh 
in a series of one-month courses offered 
by the Oak Ridge Institute of Nuclear 
Studies. 


Raymond L. R. Slacke is employed 
by the National Coal Board, West Mid- 
lands division, in the capacity of area 
coal preparation engineer, Shropshire 
and South Staffordshire area, England. 

R. Cecil Smart presented his paper 
on the Restoration of Productive Effi- 
ciency in Britain’s Coal Industry before 
the Economic Reform Club and also 
before the Association of Colliery Man- 
agers, on Feb. 10. The paper's value 
was attested by the fact that a number 
of members of the National Coal Board 
attended his lecture, including represen- 
tatives from the London office of the 
Board. His papers will be published in 
the proceedings of the National Asso- 
ciation of Colliery Managers and quoted 
in the Iron and Coal Trade Review. 


C. T. Smith, after 32 years as secre- 
tary and treasurer of the Missouri Co- 
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Mr. Mudd receiving citation for Egleston —— from C. P. Davis, president of Co- 


lumbia's Engineering School Alumni Associ 


Harvey S. Mudd spoke on the im- 
portance of physical metallurgy in coun- 
teracting the depletion of our mineral 
resources at a meeting of the Columbia 
University Engineering School Alumni 
Association at which he was awarded 
the Egleston Medal for distinguished en- 
gineering achievement. He said in part: 

“The second World War has given 
rise to much debate about the exhaus- 
tion of our mineral resources and in the 
name of conservation many measures 
have been proposed. That exhaustion is 
taking place cannot be denied. It is the 
rate of exhaustion that now gives con- 
cern, and properly so, but it should not 
be viewed with too great alarm. 

“I cannot convince myself that the 
advance of civilization will be retarded 
by a deficiency of mineral resources, 
providing one condition is met, which 
condition is that research in the funda- 
mental and applied sciences and engi- 
neering is wisely and generously sup- 
ported. Our physical metallurgists are 
offering new alloys and new processes 
that give materials having superior prop- 


erties to engineers with which to work 
and it is incumbent upon the engineers 
to make the best use of them, always 
with the future in mind.” 

In discussing his talk Mr. Mudd ex- 
pressed concern over the relatively few 
students being graduated in metaljurgi- 
cal engineering as compared to other 
fields of engineering, and the need for 
metallurgical engineers in research and 
industry. He noted that research work 
required a particular type of individual 
with postgraduate training. Research 
work being done now in universities not 
only produced needed information but 
either directly, or through the faculty, 
helped to teach research techniques and 
helped universities to hold some excep- 
tionally talented faculty that they could 
not otherwise hold. 

He commented on the rapid industrial 
recovery being made in many of the 
western European countries. He was op- 
posed to both direct subsidies and high 
tariffs, and pointed out that under nor- 
mal conditions both were extravagant 
and interfered with free enterprise. 


balt Co. of Fredericktown, Mo., has re- 
signed that post and now has retired 
from active business. Previous to joining 
Missouri Cobalt, he was accountant for 
El Oro Mining and Railway Co. at El 
Oro, Mexico. Mr. Smith can be reached 
at 118 E. Coolidge St., Harlingen, Texas. 


Richard A. Smith retired as state 
geologist on the Michigan Geological 
Survey in 1946. Now he is special lec- 
turer in geology at Michigan State 
College and is doing consulting work. 

Robert E. Sorenson has been made 


chief engineer of the Hecla Mining Co. 
at Wallace, Idaho. 
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H. A. Steane has been appointed to 
the post of mill superintendent of Uru- 
wira Minerals Ltd., Mpanda, via Uvinza, 
Tanganyika. 


J. B. Stapler recently received ap- 
pointment as managing director of Mars- 
man Hongkong China, Ltd., P. O. Box 
500, Hongkong & Shanghai Bank Bldg., 
Hongkong. Mr. Stapler has been with 
the Marsman interests for sixteen years 
and prior to the war was one of the 
senior engineers of Marsman & Co. The 
rapid development of mines such as Ito- 
gon, San Mauricio, and United Paracale, 
was largely due to his capable direction. 


Since his return from internment he hay 
been a director of Marsman In 

Ltd., and connected with the Marsman 
Co. of California directing from San 
Francisco the operations on Okinawa, 
Mr. and Mrs. Stapler departed on the 
President Cleveland March 9 for Hong. 
kong where Mr. Stapler will take over 
his new duties. 


Forest J. Sur, mining engineer and 
geologist formerly with the Bureau of 
Mines and now with Joe T. Juhan, re 
cently completed a six-month examing. 
tion and report on an oil shale project 
near Meeker, Colo., for Juhan and Asso. 
ciates. This done, he went to Farmington, 
N. Mex., to complete a reconnaissance 
of San Juan County, with the object of 
choosing sites for drilling deep wells to 
Pennsylvanian formations. He spem 
seven months on this work last year, 


William H. Swayne, formerly in the 
geological department of the Anaconda 
Copper Mining Co., has gone to San 
tiago, Chile, as exploration geologist for 
Cia. Sud Americana Exploradora de 
Minas. 

Ray E. Tower has resigned as gen- 
eral superintendent of the Mica Moun- 
tain Mines, South Pass City, Wyo. His 
new address is 621 S. W. Temple St, 
Salt Lake City, He is currently inter. 
ested in mine development in the 
Masonic area, Mono County, Calif., and 
in the Tintic area in Utah. 


Max A. Tuttle for the past 22 years 
has been employed by the Knox Con- 
solidated Coal Corp. On Dec. 16, 1948, 
he became associated with the Enos 
Coal Mining Co., 1405 Merchants Bank 
Bldg., Indianapolis 4, Ind. 


Gailen T. Vandel has accepted a 
post with the Cerro de Pasco Copper 
Corp. in Peru and expected to leave the 
States early in March. 


Roy Van Zante, who was addressed 
at the Bureau of Mines in Rolla, Mo. 
can now be reached at the U. S. Vane 
dium Corp., Rifle, Colo. 


L. A. Walker returned to Salt Lake 
City in March from a two-month pro 
fessional trip to Colombia. Traveling to 
his destination in the Andes near the 
border of Ecuador his modes of trams 
portation scaled from plane to auto and 
finally to mule. He stopped over long 
enough to meet members in Medellin, 
Cali, and Pasto. 


S. Power Warren wishes to advise 
his friends that he has returned to 
Washington, D. C., after spending most 
of the first three months of the year 
studying the various mines and pho 
phate matrix treating plants of the 
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Florida field. During his stay he at- 
tended the meetings of the local phos- 
phate group of the AIME and reports 
that the meetings were well attended by 
representatives of all the operating com- 
panies and the programs were enjoyable. 
His advice to the members contemplat- 
ing a trip into this field is that they 
grange their schedule to be there the 
first Monday of the month because at 
no other time will so many members be 
available in one place. 


Donald R. Wells, of 153 Fallis Rd., 
Columbus 2, Ohio, is employed at Bat- 
telle Memorial Institute as a laboratory 
technician in the electron microscopy 
division. 

Richard H. Wesley, with his two 
partners, after several years’ study of 
the field, have gone into the consulting 
geological engineering business as Wes- 
ley, Bedford and Stickel, 2370 Penob- 
seot Bldg., Detroit 26, Mich. Mr. Wesley 
writes: “We are in a position to carry 
on any type of exploration work any 
place in the world. This includes air- 
borne geophysical work. Our laboratories 
are equipped for analyses of mining, 
petroleum products, and complete studies 
in soil mechanics. We can carry on 
spectrographic, petrographic, and core 
testing analyses. Our activities are not 
only confined to mining and petroleum, 
but also embrace preliminary studies for 
any major civil engineering project.” 

Joseph L. Walker, Jr., holds down 
the job of research mining engineer with 
the Rimersburg Coal Co., Rimersburg, 
Pa. 


Robert Weagel, formerly shift fore- 
man of the U. S. Section of the U. S. 
Smelting Refining and Mining Co., was 
appointed assistant general mine fore- 
man of the section on Feb. 1. 


J. P. Weir received the degree of 
bachelor of science in mining engineer- 
ing at the midwinter commencement 
exercises of the Pennsylvania State Col- 
lege. At the same exercises, the techni- 
cal degree, engineer of mines, was con- 
ferred upon his father, Paul Weir. 
Mr. Weir is now associated with his 
father in his consulting mining engineer- 
ing firm, the Paul Weir Co. 

Henry P. Whaley has the job of 
testing engineer with the Erie Mining 
Hibbing, Minn. 

A. D. Wilks was appointed superin- 
tendent of the Ordnance Factory, Katni 
(CP.) India, over a year ago. 


James W. Wive!l has joined the 
staf at the Embarrass iron mine of 
Pickands Mather & Co. 
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Edward H. Snyder, president of the 
Combined Metals Reduction Co., Salt 
Lake City, was elected president of the 
American Zine Institute at the annual 


H. |. Young shows his successor as presi- 
dent, E. H. Snyder, a clock given him by 
the institute in token of his service. 


meeting of the board of directors, suc- 
ceeding Howard I. Young, who has 
held the office since 1935. New vice- 
presidents include George Mixter, vice- 


president of the U. S. Smelting Refining 
and Mining Co., Boston, and Raymond 
F. Orr, president and general manager 
of the Athletic Mining and Smelting Co., 
Ft. Smith, Ark. Erle V. Daveler, vice- 
president of the American Zinc, Lead 
and Smelting Co., New York City, was 
elected treasurer and Ernest V. Gent 
was reelected executive vice-president 
and secretary. To serve as directors un- 
til 1952 are A. E. Bendelari, O. W. 
Bilharz, C. M. Chapin, Jr., and S. H. 
Levisen. 


L. E. Young visited the McLeod 
River property of Canadian Collieries 
(Dunsmuir) Ltd. Nanaimo, B. C., the 
first week in April, thence proceeding 
to the Vancouver Island headquarters 
of the Company for an inspection of 
properties and consultation with H. R. 
Plommer, managing director. 


. * In the Metals Divisions 


Paul H. Anderson received his M.S. 
degree on March 17 from the University 
of Minnesota, where he majored in metal- 
lography, and minored in industrial en- 
gineering. The title of his is is “Hot 
Dip Tinning of Low Carbon Steels.” 
He intends to remain at the university 
to work toward a Ph.D. degree. 


Bernhard Blumenthal, formerly re- 
search metallurgist with the American 
Platinum Works, Newark, N. J., has 
joined the staff of the Argonne National 
Laboratory, Chicago, Ill., as an associate 
metallurgist. 


Chester L. Brown can now be 
reached at the production division of the 
development and research department of 
the Continental Oil Co., Ponca City, 
Okla. 


D. S. Cameron has been made open 
hearth superintendent of the Wickwire 
Spencer Steel Division of the Colorado 
Fuel and Iron Corp. Buffalo plant. 


Harry A. Campbell, executive engi- 
neer for Fredric Flader, Inc., manufac- 
turer of gas turbines, receives mail at 
341 Goundry St., Apt. 4, N. Tonawanda, 
N. Y. 


Gregory J. Comstock, director of 
research of the powder metallurgy labo- 
ratory at Stevens Institute of Technology, 
left on April 5 by military transport for 
a month’s stay in England, Germany, and 
Austria, on a commission for the Bureau 
of Ships of the U. S. Navy Department. 
The purpose of the visit was to discuss 
parallel research projects with British 
Governmental agencies. He visited the 
Edelstahlwerke and Verienegeste-Stahl- 
werke plants in Germany to study the 


current industrial application of chro- 
mizing. During the recent war, Professor 
Comstock served in Germany for the 
U. S. Joint Chiefs of Staff. Returning to 
this country, he was connected with the 
FEA and later with the U. S. Depart- 
ment of Commerce. Professor Comstock, 
on the Stevens staff since 1939, occupies 
the first chair of powder metallurgy es- 
tablished in any institution of learning 
in the States. 

Minu N. Dastur has the job of 
metallurgical staff assistant with H. A. 
Brassert & Co., New York City. 

Robert B. Day, now with the Linde 
Air Products Co., New York City, is in 
the Company’s cylinder inspection and 
maintenance department as inspector for 
purchasing of pressure vessels. 


Gerhard Derge and Frederick N. 
Rhines have been appointed to full pro- 
fessorships in the department of metal- 
lurgical engineering, college of engineer- 
ing and science at Carnegie Institute of 
Technology effective Sept. 1. Both men 
joined the Carnegie staff in 1934. Dr. 
Derge, who graduated from Amherst and 
received his Ph.D. from Princeton, is a 
member of the Electric Furnace Steel 
Conference Committee of the Iron and 
Steel Division, AIME. Dr. Rhines, a 
Michigan and Yale graduate, is the Alu- 
minum Co. of America professor of 
light metals and a two-time winner of 
the Institute of Metals award. 


Denton T. Doll joined the staff of 
the chemistry and metallurgy division of 
the University of California Los Alamos 
Scientific Laboratory on April ll. He 
had been with the Brush Beryllium Co. 
in Cleveland. 
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Kenneth L. Erickson is employed 
as a chemist in process research by the 
Basic Reduction Co., Henderson, Nev. 


Clyde R. Tipton, Jr. 


Clyde R. Tipton, Jr., joined the 
staff of the chemistry and metallurgy 
division of the Los Alamos Scientific 
Laboratory, P. O. Box 1663, Los Ala- 
mos, N. Mex. He had been with Bat- 
telle Memorial Institute. 


R. R. Estill has been made general 
superintendent of the fluorspar division 
of the U. S. Coal and Coke Co. at 
Mexico, Ky., replacing K. A. Johnston, 
who was transferred to the construction 
division at Lynch, Ky., on March 15. 


J. Leon Gittlen is president and pro- 
duction manager of the Consumers Metal 
Corp., smelters and refiners of metals, 
Detroit. 


Lawrence G. Glasglow, although 
still employed in the materials labora- 
tories of Chance Vought Aircraft, is 
reached now at 1113 Canterbury Ct., Dal- 
las, Texas, since the company has moved 
from Stratford to Dallas. 


Richard A. Gorski is foreman relief 
trainee in the blast furnace division of 
the Gary works of the Carnegie-IIlinois 
Steel Corp. His address is 4447 Grant 
St., Gary, Ind. 


Charles H. Homer, Jr., formerly 
plant superintendent of the Beaumont 


Iron Works Co. at Beaumont, Texas, has 
been transferred to the Dunkirk, N. Y., 
plant of the parent organization, Ameri- 
can Locomotive Co., Alco products divi- 
sion, where he assumes the duties of 
chief quality control engineer. The Dun- 
kirk plant produces heat exchangers, 
pressure vessels, prefabricated pipe, 
large diameter pipe and other equipment 
for the petroleum, chemical, and allied 
industries. Mr. Homer’s new mailing ad- 
dress is 353 Temple St., Fredonia, N. Y. 

Carl H. Himmelman is a super- 
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visory trainee with the Timken Roller 
Bearing Co. at Canton, Ohio. 

Harry K. Ihrig, vice-president and 
director of laboratories of the Globe 
Steel Tubes Co., Milwaukee, Wis., re- 
ceived a citation for distinguished ser- 
vice in engineering from the College of 
Engineering of the University of Wis- 
consin at Madison on March 15. 


Paul Linz resigned as a partner of 
Carl M. Loeb, Rhoades & Co. effective 
April 30, to become personal assistant 
to Dr. Mauricio Hochschild in all enter- 
prises with which he is connected. 

Roger D. Moeller joined the staff of 
the chemistry and metallugy division of 
the University of California Los Alamos 
Scientific Laboratory on March 21. He 
had been with the Sharples Corp. re- 
search laboratory in Philadelphia. 


Claude R. Monlux graduated from 
Yale in February and is now employed 
in a training capacity by the Ohio Steel 
Foundry Co. of Springfield, Ohio. 


Norman F. Tisdale 


Norman F. Tisdale, chief metal- 
lurgical engineer of the Molybdenum 
Corp. of America since 1933, has been 
made manager of sales. A native Ca- 
nadian and graduate of Queen’s Uni- 
versity, Kingston, Ont., he is well known 
in the iron and steel industry. 


David P. Moore, of 68 Muskoka Rd., 
Grosse Pointe Farms 30, Mich., is metal- 
lurgist for the Hudson Motor Car Co., 
Detroit, Mich. 


Thomas C. Nelson, Jr., is metal- 
lurgist for the General Electric Co. at 
the Hanford works in Richland, Wash. 


William H. Nikola, who lives at 
83 Highland Ave., Jersey City, N. J., 
is quality control engineer for the West- 
inghouse Electric Corp. 


Leon V. Omelka is working as test- 


ing engineer for the Permanente 
Corp., Trentwood, Wash. His majj goes 
to S. 4114 Ivory, Spokane, Wash, 
Joseph R. Patterson, Jr., is » 4638 
Market St., Beaver, Pa., working for 
the Babcock and Wilcox Tube Co 


Burton C. Person, of 315 St. Louis 
St., Baton Rouge, La., is metallurgist jp 
the Louisiana division of the Bg» 
Standard Oil Co. 


Fred P. Peters, editor-in-chief of 
Materials & Methods, has been made 
vice-president and publishing director of 
the book division of the Reinhold Pub. 
lishing Corp., New York City 18 

Chester F. Robards is research 
metallurgical engineer on aircraft 
gines at the NACA Lewis Flight Py. 
pulsion Laboratory, Cleveland. He lives 
at 14029 Gramatan Ave., Cleveland 1], 
Ohio 


Leonard W. Rothe is a metallurgical 
trainee with the Armco Steel Corp, 
Middletown, Ohio. His home address is 
2205 Lamberton St., Middletown, 


Philip S. Savage, Jr., is working for 
the McCallum Bronze Co., Buffalo, N. Y, 
His address there is 242 4th St. 


Arthur B. Shuck, formerly a re 
search metallurgist with the metal prod- 
ucts division of the Koppers Cw., is now 
in the metallurgical section of the Ar 
gonne National Laboratory. 


John A. Swift has formed the Swift 
Industrial Chemical Co., Hartford 1, 
Conn., to manufacture a complete line of 
chemical and metallurgical materials for 
metal cleaning, blackening, and heat 
treating. Mr. Swift has had extensive 
experience in the metal manufacturing, 
fabricating, and processing industries, 
having done work for the Western Elec- 
tric Co., the American Steel and Wire 
Co., the Billings and Spencer Co., and 
the Heatbath Corp. In addition to his 
industrial experience, he has organized 
and instructed various metallurgical 
courses for evening divisions of the Hill- 
yer College, New Haven Junior College, 
and the University of Connecticut. A 
registered metallurgical engineer in Con 
necticut, he is also engaged in consulting 
on heat treating, testing, surface finish- 
ing and treating, and fabricating of 
metals and metal products. Recently be 
served on the New England AIME Com 
mittee for the 1949 Regional Conference 
held in Springfield, Mass. 


J. D. Swindale has left the Mond 
Nickel Co. and has resumed his wat 
interrupted studies at Birmingham Unt 
versity, Edglaston, Birmingham 1, 
England. 
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T. Turkdogan was recently 
awarded the degree of Master of Metal- 
jurgy in recognition of his research work 
on slag metal reactions at the University 
of Sheffield, Sheffield, England. 


Joe G. Uzelac, formerly a student 
at the University of Utah, is working 
for the Denver Equipment Co., Denver, 
Colo., as a metallurgical engineer. 


Ralph L. Wilcox, metallurgical engi- 
peer and vice-president of the Gerity- 
Michigan Corp., is now serving on loan 
from his company as chief of the non- 
ferrous metals branch of the ECA in 
Washington, D. C. Mr. Wilcox says he 
would welcome a visit from any of his 
old WPB friends. 


Tauliang Wu is research engineer at 
the Institute of Industrial Research, 
Syracuse University, Syracuse, N. Y. 


* In Petroleum Circles 


Bernard W. Allen, former Colorado 
School of Mines student, has become a 
petroleum engineer with the Ohio Oil 
Co., Box 530, Cody, Wyo. 


‘ Joseph A. Buland, Jr., is currently 
employed by the Baroid Sales Division 
of the National Lead Co. as drilling mud 
service engineer in southwestern Wy- 
oming. His mailing address is in care 
of the Teton Hotel, Riverton, Wyo. 


John H. Dante is geologist and pro- 
duction manager with F. G. Fox and 
W. J. Fox of Owensboro, Ky. His ad- 
dress there is 829 Griffith Ave. 


Harry Dereniuk, formerly with the 
Republic National Gas Co., is now with 
the Conroe Drilling Co., Corpus Christi, 
Texas, as a petroleum engineer. 


Hal B. Fullerton, Jr., is an engi- 
neer in training with The Texas Co. at 
Long Beach, Calif. He lives at 336 
Prospect Ave., Long Beach. 


James R. Graham, after graduating 
from Louisiana State in January, ac- 
cepted a job as petroleum engineer with 
the Standard Oil Co. of Texas. At pres- 
ent he is located in the Western divi- 
sion office in Midland, Texas. 

Edward A. Gribi, Jr., finished his 
studies at Stanford last December and 
has been employed as a geologist by the 
Sinclair Petroleum Co. for exploration 
work in Ethiopia. 

John J. Jakosky, Jr., is engineer 
with International Geophysics Inc., 1063 
Gayley Ave., Los Angeles 24. 


Robert Kamon, former University of 
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Texas student, is a junior partner in the 
firm, Kamon Petroleum Exploration, 
Cisco, Texas. 


W. D. Beach, petroleum engineer 
with the Gulf Oil Corp., recently joined 
the reservoir section of the executive 
department in Houston, Texas. He was 
formerly with the Gulf production divi- 
sion of the Gulf Refining Co. at Laurel, 
Miss. Mr. Beach is a Penn State grad- 
uate and served as secretary-treasurer of 
the Mississippi Subsection of the Delta 
Section, AIME, for the last half of 1948. 


Julie Anne Klovstad 


Julie Anne Klovstad, formerly geol- 
ogist with the Shell Oil Co. at Jackson, 
Miss., is now doing consulting work in 
eastern Colorado as well as working 
toward a Ph.D. degree at the University 
of Colorado. She may be reached at 
1135 University Ave., Boulder. 


Philip Kraft resigned as a director 
of the Magma Copper Co. last Decem- 
ber 15. 


Frank E. Long graduated from 
University of Oklahoma with a 


in petroleum engineering and at present 
is employed by the Magnolia Petroleum 
Co. as an engineer trainee. His address 
is General Delivery, Falfurrias, Texas. 


Charles 4. McClure, formerly with 
the Signal Oil and Gas Co., has become 
associated with the Youngstown Sheet 
and Tube Co., Los Angeles, as a field 
engineer. 


R. B. Luke MeCullar, who is sales 
engineer for the Western Co., can be 
reached at Box 310, Midland, Texas. 


Kenneth E. Meyer, petroleum en- 
gineer with the Cities Service Co., New 
York City, has been transferred to the 
G t division, His new address 
9S°1440 Mellie Esperson Bidg., Houston 


James I. Morris is working for the 
Pure Oil Co. as district production engi- 
neer. Mail reaches him at Box 700, 
Worland, Wyo. 


Harold L. Patterson is in Delmita, 
Texas, working for the Sun Oil Co. as 
a petroleum engineer. 


Warren D. Phelps, who had been 
at Texas A&M, is working for the Mag- 
nolia Petroleum Co., Box 792, Drum- 
right, Okla. 


Edward W. Racek, former Univer- 
sity of Tulsa student, has the job of 
petroleum engineer for the Acme Well 
Supply Co., New York City. His home 
is at 36 Dogwood Lane, Levittown, 
Hicksville, N. Y. 


Leslie B. Riggins, Jr., is chief en- 
gineer and geologist for the Portable 
Drilling Corp. His mail goes in care of 
the Company to P. O. Box 1318, Sem- 
inole, Okla. 


John L. Ross is student engineer in 
the Gypsy division of the Gulf Oil Corp., 
Tulsa, but gets his mail at 112 N. 
Maiden St., Waynesburg, Pa. 


E. S. Rugg can be reached in care 
of The Texas Co., New Castle, Wyo., 
where he is an engineer trainee. 


Irl Sandidge, Jr., formerly with the 
Ohio Fuel Gas Co., Columbus, is now 
addressed at the United Fuel Gas Co., 
Box 1273, Charleston 25, W. Va. 


W. S. Skinner received an M.S. de- 
gree in geology from Lehigh last June 
and during the summer worked for the 
New York State Science Survey to fin- 
ish an investigation of oil possibilities 
in Otsego County, N. Y., which was 
begun in the summer of 1947. Last Oc- 
tober he took the job of geologist with the 
South Penn Oil Co., Parkersburg, W. Va. 
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N. A. Tinker, Jr. 


N. A. Tinker, Jr., joined the consult- 
ing engineering and geological firm of 
DeGolyer, MacNaughton & Murrell, 
Dallas, on March 15. While in Tulsa, 
before taking this latest post, he was 
sales contact engineer for the Weather- 
ford Oil Tool Co., and prior to that 
was with the Gulf Oil Corp. as North 
Texas zone engineer. 


Carle F. Sharp, Jr., formerly a stu- 
dent at the University of Texas, is work- 
ing as a junior reservoir engineer for 
the Humble Oil and Refining Co. His 
mail goes to Box 357, Katy, Texas. 


Duncan M. Smith, Jr., is now asso- 
ciated with the California Co. at the 
Lake St. John field at Waterproof, La. 


Henry J. Stewart, now with the 
Union Oil Co. of California, P. O. Box 
1365, Orcutt, Calif., used to be with the 
Sunray Oil Corp. in Alice, Texas. 


Reid T. Stone is assistant field en- 
gineer for the Axelson Mfg. Co., Hunt- 
ington Park, Calif. He lives in Apt. B, 
8655 California Ave., Southgate, Calif. 

H. J. Struth, former editor of the 
Petroleum Data Book, can now be 
reached in New York City at the Amer- 
ican Petroleum Institute, Dept. of In- 
formation, 50 W. 50th St. 


Ralph E. Taylor, who was with the 
Freeport Sulphur Co., joined the staff 
of Humble Oil and Refining Co. on 
March 15. He is addressed in care of 
the Company, Box 2180, Houston 1, 
Texas. 


J. U. Teague resigned as superin- 
tendent of the Hogg Oil Co. on Feb. 1 
to assume the presidency of the Colum- 
bia Drilling Co. This concern is engaged 
in the contract drilling of oil wells and 
maintains an office at 2011 Niels Esper- 
son Bldg., Houston, with a field office 
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and storage yard at West Columbia, 
Texas. Mr. Teague entered the oil busi- 
ness upon graduation from Rice Insti- 
tute nineteen years ago as a petroleum 
engineer with the Humble Oil and Re- 
fining Co. He resigned in 1940 to become 
general superintendent of the Hogg Oil 
Co., interrupting this job with three 
years as a Lieutenant Commander in 
the Navy; he came out of service with 
seven battle stars in the Pacific theater. 
The Teagues live at 2406 Dorrington, 
Houston. 


J. H. Van Zant is vice-president of 


Co., P. O. Box 451, Ventura, Calif. 


Obituaries 


Sydney Hobart Ball 


An Appreciation By Donatp M. 


Sydney H. Ball, a member of the 
Institute for 42 years, and Director from 
1924 to 1927, died of a heart attack on 
Friday, March 25, at his home in New 
York City, aged 71 years and three 
months. He was active until the last, 
having been on professional work in 
British Columbia in December, when he 
had the first attack of his fatal illness. 

Born in Chicago, he received in 1901 
an A.B. degree from the University. of 
Wisconsin, which awarded him a Ph.D. 
in 1910. He was one of the few who 
came into prominence in his youth. 
Having worked for the U. S. Geological 
Survey from 1903 to 1907, he was asked 
in the latter year to head a~ expedition 
to examine the concession of the Société 
International Forestiere et Miniere du 
Congo for the Ryan-Guggenheim group. 
Three years of work firmly established 
his reputation as an able field geologist 
and executive. It is probable that the 
Congo-Angola diamond field, an out- 
growth of this expedition, is the richest 
known. From that time on, his services 
were in demand in every part of the 
world. From 1917 until his death he was 
associated with the firm of Rogers, 
Mayer and Ball, of which he was the 
last survivor. 

He was three times decorated by the 
Belgian Government, first as Chevalier 
de YOrdre Royal du Lion; second as 
Officier de l’'Ordre Royal du Lion; and 
finally in January of last year, Com- 
mandeur de l’Ordre de Leopold II, the 
highest Belgian decoration that can be 
given a civilian. 

For many years he had contributed 
the annual articles on gemstones to the 
Bureau of Mines Minerals Year Book, 
and had written for various trade pub- 
lications. He was a member of the New 
York Jewelers’ Publicity Committee and 
was largely responsible for the House 
of Jewelers at the New York World’s 
Fair. A study that the writer found 
hugely entertaining embodied a long re- 


search into the use of gemstones by the 
Pre-Columbian Indians of the Americas, 

In pure geology he made his mark 
by a study of Tertiary dikes and Pleis. 
tocene glacial deposits, which established 
the existence of two distinct ages in the 
so-called Front Range. He carried ou 
the first accurate mapping of Death 
Valley, Calif., about 1907. 

Known to the engineers and geologists 
of the world by reputation, his per- 
sonality endeared him to his associates 
here. He was a charter member and 
later president of the Mining Club of 
New York City. He had been a member 
of the Mining and Metallurgical Society 
of America for 37 years and was its 
president in 1933. He was president in 
1930 of the Society of Economic Geolo- 
gists, and an honorary member of the 
Gemological Institute of America and of 
the Chemical, Mining and Metallurgical 
Society of South Africa. He was a mem- 
ber and one-time governor of the Ex- 
plorers Club, and a director of the CRB 
educational fund. 

One can give only a bare outline of 
his long and busy life. One cannot put 
on paper a proper appreciation of his 
serious conversation or of his impish 
delight in jokes on those he knew well. 
Nor can one express an adequate ac- 
knowledgment of his readiness to put 
his knowledge at the service of his 
friends. 
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trolytic investigation projects, was at the 
same time in complete charge of electri- 
cal engineering at the Flin Flon plant of 
the Hudson Bay Mining and Smelting 


1939), mining engineer, is dead. Mr. 
Barrett died at the age of 33 in South 
Africa, while acting as a Mormon mis- 
sionary there. He had resigned, in 1946, 
his job as acting branch manager for the 
Salt Lake City office of the Independent 
Pneumatic Tool Co., in order to go on the 
mission. After receiving his B.S. in min- 
ing engineering from the University of 
Utah in 1941, Mr. Barrett worked for the 
Kennecott Copper Co., and then as an 
engineer for the New Park Mining Co., 
at Keetley, Utah, before taking his last 
professional job in 1944, 


ARTHUR J. BOASE (Member 1936), 
former college professor and most re- 
cently manager of the Portland Cement 
Association’s structural and technical 
bureau in Chicago, died recently. Before 
entering the University of Colorado in 
1915, Mr. Boase had been superintendent 
of construction for the Boston Colorado 
Power Co. in Denver, and then assistant 
city engineer at Boulder. From 1920 to 
1921 he studied at the University of 
Pennsylvania, and during those years and 
for three years thereafter was an in- 
structor in civil engineering at that 
school. He then headed the department 
of civil engineering at Pennsylvania Mili- 
tary College for six years before joining 
the Portland Cement Association. 


CHARLES EDWARD BRUFF (Mem- 
ber 1920), died in Berkeley, Calif., on 
Feb. 25 at the age of 72. He had been 
San Francisco representative for the 
Stevens Adamson Co. until his retirement 
several years ago. 

Tt was 1895 when Mr. Bruff graduated 
from Purdue University with his degree 
in engineering, and for the ensuing fif- 
teen years he was a drattsman for the 
L. C. Trent Co., assistant manager for 
the Bradley Engineering and Machinery 
Co., and a representative of the Power 
and Mining Machinery Co. in New York. 
Then he went on in 1910 to build the 
Chino mill in Hurley, N. Mex., and 
journeyed to Alaska to supervise con- 
struction of the Gastneau mill in Juneau, 
both assignments under the aegis of the 
D. C. Jackling engineering firm. After 
1915 he was a partner in the Bradley, 
Bruff and Labarthe organization, actively 
engaged in the construction of the Alaska 
Juneau mill and the building of many 
domestic and foreign metallurgical plants. 


EDWARD E. BUCBEE (Member 
195), nationally known for his work in 
Mining and metallurgical engineering, 
and a professor emeritus at MIT, died 
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fessor at Iowa State College, but later 
returned to MIT, retiring as an associate 


LUCIUS A. BUTLER {Member 1920), 
died, at the age of 60, on Jan. 23. His 
last professional association had been 
with the U. S. Engineering Department 
in San Francisco. Mr, Butler was a grad- 
uate of the Michigan College of Mines, 
and spent the early years of his career 
with mining companies in Canada, Min- 
nesota, and Michigan. He worked with 
the Inland Steel Co. for three years, and 
then became a project engineer with the 
Michigan State Highway department. In 
1938 he joined the engineering corps of 
the War Department, working in his na- 
tive Michigan until he moved to San 


Francisco. 


FOREST L. CAMPBELL (Member 
1940), chief engineer for the exploitation 
department, southern division, of Rich- 
field Oil Co., died on Jan. 11 in Long 
Beach, Calif. of a heart attack. The 
51 year old engineer’s career began in 
1918 with the San Dimas Co., in Mexico. 
He received an A.B. degree from the 
University of California in 1921, spent 
five years with the oil and gas division 
and State Mining Bureau of California, 
and joined the Richfield Co. in 1928, as 
a resident engineer. Mr. Campbell’s chief 
interest was in petroleum, although min- 
ing geology and mining and milling also 
fell within the scope of his many 
abilities. 


MARK G. CARHART (Member 1943), 
died on March 6 at the age of 66. Thus 
was ended an amazingly versatile career 
which created a man with broad mana- 
gerial and engineering talents. At the 
turn of the century, Mr. Carhart was a 
young farm worker. A year later he was 
managing a lighting and water plant in 
Bartow, Fla.—and so it went through the 
first two decades—a continued eclectic 
interest in public power and private in- 
dustry, from sales, production, and engi- 
neering viewpoints. The year 1930 found 
him managing the Venezuela Power Co. 
at Maracaibo. He was no stranger to 
Latin America, having served for the 
previous three years as chief engineer for 
the Westinghouse Corp. in Mexico City. 

From 1931 to 1941 he represented 
Canadian mining operators in New York, 
developing finances and supervising hard 
rock mining operations in gold, silver. 
and copper ores. It has been said that 
Mr. Carhart’s career was truly repre- 
sentative of the fast-disappearing tradi- 
tion of our industrial leaders who made 


their own careers from the rich clay of 
experience. 


Cassius |. Cook 
An Appreciation sy W. J. Courter 


In the passing of Cassius I. Cook, 
general manager of the Consolidated 
Coppermines at Kimberly, Nev., on Dec. 
22, the mining fraternity lost a well 
known friend in the industry. For many 
years Mr. Cook had suffered from an 
asthmatic condition and his death was 
attributed to complications resulting from 
an acute condition. 

Mr. Cook was born near Portland, 
Oreg., June 18, 1886. He received his 
early education in Boise, Idaho, and 
graduated from the University of Idaho 
in 1911. In college Mr. Cook took an 
active part in athletics and for three 
years played on the football team. 

After graduating from the University 
of Idaho, he became superintendent of 
the Silver City Mining and Milling Co., 
at Silver City, Idaho. From Silver City 
he went to Alaska in 1915 and later to 
British Columbia where he was employed 
by the Granby Consolidated Mining, 
Smelting and Power Co. In 1927 Mr. 
Cook left Anyox, B. C., where he was 
assistant mine superintendent, to accept 
a position as mine superintendent of 
Consolidated Coppermines. During the 
depression period, from 1932 to 1935 
when Coppermines was closed down, he 
operated a small gold property in Grass 
Valley, Calif. In 1935 he went to Silver- 
ton, Colo., where he was general super- 
intendent of the Shenandoah Dives 
Mining Co. until 1940 at which time he 
returned to Kimberly, Nev., as general 
manager of the Consolidated Copper- 
mines, which position he held at the time 
of his death. 

Mr. Cook was well known and had 
many friends in the mining field. He was 
ar active member of the American 
Mining Congress, AIME, Colorado Min- 
ing Association, a director of the Nevada 
Mine Operators Association and a mem- 
ber of the Ely Rotary Club. Mr. Cook 
was also a member of the Kappa Sigma 
Fraternity. 

The news of Mr. Cook’s death comes 
as a shock to his many friends in the 
mining industry and to all who knew 
him. 


HERSCHEL E. DENTON (Member 
1946), managing director of General Pe- 
troleums Ltd., and a partner in the firm 
of Denton and Spencer since 1941, died 
on March 30 in Calgary, Alta, He was 
41. Mr. Denton had a B.S. in mechani- 
cal engineering, which he achieved by 
alternate years of work with the Casper 
Oil Co. of Wyoming and attendance at 
New Mexico A&M. By 1938, he was 
production superintendent for the Anglo- 


Canadian Oil Co. in Calgary, and three 


years later joined the two firms with 
which he was associated until his death. 
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Howard Drullard 


An AppreciaTION BY Harvey G. Bostick 


Our AIME Directory notes: Drullard, 
Howard (Member °18) Min. Engr., Min. 
Machinery, 1026 Folsom St., San Fran- 
cisco, Calif. Howard was proud of the 
AIME and his San Francisco Section 
affiliation. 

He passed away in San Francisco on 
Jan. 29, of a heart attack. He was born 
in Buffalo, N. Y., in 1883, and attended 
private schools. He had a desire for min- 
ing and su became a shifter in the Second 
St. tunnel in Los Angeles and in the 
Elizabeth Lake tunnel of the Los Angeles 
water department. He contracted in the 
Ray Con. in Arizona, and subsequently 
managed the Hardenburg and Poundstone 
mines in California’s Mother Lode. He 
also mined in Mexico and Central 
America. 

While still a young man Howard was 
the victim of a blasting accident. Fortu- 
nately he pulled through with half vision 
in one eye. He never accepted this as 
handicap and this was evidenced by the 
fact that during the 1915 San Francisco 
exposition and fair, he represented five 
companies. Denver Rock Drill Co. was 
one of them, and after the closing of the 
Fair, Howard became affiliated with it. He 
was in turn Butte, Mont., manager, Salt 
Lake City manager, and then a represen- 
tative for Gardner-Denver in Japan and 
Korea. Returning to the States in 1928, 
he attended Stanford University. In 1932 
he decided to enter private business and 
established the firm which he managed 
until his demise. 

This is an example of Howard’s great 
human kindness and understanding: Dur- 
ing his residence in Butte he became ac- 
quainted with Stephen Breckenridge, a 
miner totally blinded by an explosion. 
Encouraged by Howard to “carry on,” 
Steve sold newspapers. Later, Steve moved 
to Los Angeles and has been on the cor- 
ner of Fifth and Broadway for many 
years—selling newspapers—and is inde- 
pendent. Howard never failed to visit 
Steve during his Los Angeles calls. 

Howard Drullard’s counsel was kindly. 
His many, many friends all over the world 
will be saddened by his passing, but he 
was the type of man that will live on in 


memory and in spirit. 


CECIL DRAKE (Member 1931), died 
in Taft, Calif., on Jan. 31, at the age of 
49. He had worked for the Standard 
Oil Co. of California since 1946. With 
an E.M. in geology from the Colorado 
School of Mines, Mr. Drake went to 
Mexico in 1922 to work for the Eagle 
Petroleum Co. of Mexico, a Shell com- 
pany, and remained there for eight years. 


Necrology 
Date 
Elected Name Date of Death 
1948 E. Paul Keuper...... December 1 
1914 A. M. Tweedy ........ anuary 1949 
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Then he returned to the States to work 
for the Shell organization in Illinois and 
Oklahoma before joining Standard Oil. 


Donald R. Knowlton 


DONALD R. KNOWLTON (Member 
1932), manager of the foreign depart- 
ment of the Phillips Petroleum Co., and 
perhaps best known for his work as di- 
rector of production with the Petroleum 
Administration for War, died in Okla- 
homa City on March 9 after a short 
illness. He was 54. After taking his E.M. 
degree from Stanford University in 1924, 
Mr. Knowlton worked as an engineer for 
the Continental Oil Co. in Texas, joined 
the Phillips organization in 1930, be- 
coming chief production engineer a year 
later. He recently stirred the business 
world with a magazine article on “The 
Semantics of Financial Reports” which 
censured the obscure, technical language 
in which financial reports are phrased. 


LIONEL H. DUSCHAK (Member, 
1917), professor of metallurgy at the 
University of California, died on Nov. 27. 
Born in 1882, Dr. Duschak received his 
A.B. degree from the University of Mich- 
igan in 1904, went on to take an M.A. 
and Ph.D. from Princeton four years 
later. With his degrees in chemistry, he 
taught that subject at Princeton from 
1907 to 1909, then served four years as 
a research engineer for the Corning 
Glass Works and the next five years as 
a chemical engineer with the Bureau ot 
Mines. Since 1921 he had been a con- 
sulting engineer, and in 1938 joined the 
faculty of the University of California. 


CHARLES DENHAM GRIER (Mem- 
ber 1915), died on Dec. 2 in Johannes- 
burg, South Africa, where he had been, 
since 1923, managing director of South 
African Cyanamid Ltd. Born in 1889 in 
Denver, Colo., Mr. Grier was a graduate 
of the Colorado School of Mines, also 
had an M.Sc. degree from the University 
of Washington. His early experience took 
him through the West, and then up to 
Alaska. The first World War found him 
a Second Lieutenant in the engineers. 


In 1922 Mr. Grier joined the American 
Cyanamid Co., and the following 
took up residence in South Africa t 
manage that Company’s interests there 
In 1937 he took over the position he 
held at the time of his death. 

his main efforts dealt with cyanide pro. 
duction, Mr. Grier took an active interes 
in the whole mining and industrial de 
velopment of southern Africa. 


HORACE S. GULICK (Member 1916), 
whose career had taken him from Okla- 
homa A&M to the first vice-presidency 
of the New York Air Brake Co., died 
on Jan. 31 at the age of 63. Mr. Gulick 
received his B.S. degree from the above- 
named school in 1903, and within ten 
years had become chief chemist for the 
American Steel Foundries in East St. 
Louis, Ill. Later he was superintendent 
of testing and inspection at the More- 
Jones Brass and Metal Co., and in 192] 
superintended the Ohic Brass Company's 
Mansfield, Ohio, plant. Six years later 
he assumed a similar position with New 
York Air Brake, remaining with the 
Company until his death. 


ELWIN B. HALL (Member 1914), 
petroleum engineer and oil geologist, 
died in Los Angeles on Jan. 20. Mr. 
Hall was 57 and had been ill for three 
weeks prior to his death. At the time of 
his death he headed the E. B. Hall Co., 
which operated the Union Pacific oil 
properties at Wilmington, California. Mr. 
Hall was a graduate of the School of 
Geology of Stanford University, where he 
had been a three year letterman in 
rugby and notably proficient in other 
sports. He worked as a petroleum geolo- 
gist for many years, and in 1937 became 
president of the Hall-Baker Co. in Los 
Angeles. 


PHILIP H. HOLDSWORTH (Member 
1938), for many years prominent in Ore- 
gon mining, died at his home in Seattle 
last Nov. 21. He was born in 1881. Back 
in 1908 Mr. Holdsworth was assistant 
superintendent for the Alaska Smelting 
and Refining Co. in Hadley, later went 
on to do mining and metallurgical work 
in California, Oregon, and the State of 
Washington. Since 1920 he had been a 
consulting engineer with offices in Seat- 
tle, was greatly interested in geophysical 
work, and made several investigations in 
both Oregon and Washington employing 
resistivity methods. 


FREDERIC W. JAMES (Member 
1917), died last Dec. 28 at his home in 
Belleville, N. J., at the age of 68. He was 
a vice-president and engineer at the N. R 
Nelson Iron Works, Inc., in Passaic, 
had been associated with the firm for 27 
years. Born in St. Marys, Reading, En- 
gland, he came to this country at an 
age, attended Trinity School, and the 
Columbia School of Mines. From the 
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qurn of the century until he joined the 
Nelson organization, Mr. James had 
worked for nine engineering concerns, 
as both draftsman and engineer. He 
devoted twenty years to serving the Boy 
Scouts in his hometown, was also a 
member of the National Historical So- 
ciety, and a frequent contributor to 
various engineering publications. 


OTTO G. LEICHLITER (Member 
1935), president of the Mudge Oil Co. 
of Texas, died last Sept. 8, at the age of 
63. Although his professional education 
in mechanical and civil engineering was 


. not acquired formally, but in home 


studies, Mr. Leichliter was, at the age 
of 22, superintending a tunneling opera- 
tion for the Gold Cup Mining and Mill- 
ing Co. in Colorado. Two years later he 
joined the Edward W. Mudge Co., be- 
coming general manager of four affiliated 
companies, and building coal mines, coke 
ovens, blast furnaces, and developing oil 
properties. By 1934 he was vice-president 
of the Weirton Coal Co. and Union Elec- 
tric Steel Co., and also held the position 
he retained until the time of his death. 


R. JOHN LEMMON (Member 1930), 
died in Nenagh, Tipperary, Eire, on Jan. 
26. A British subject, born in Sussex in 
1878, Mr. Lemmon traveled far and wide 
in pursuit of his metallurgical career. 
He was a chemist on the Gold Coast in 
1911, at work in Korea eleven years later, 
and within the next seven years had 
been a metallurgist in Brazil, Turkey, 
Russia, and Bolivia. In 1938 he joined 
Imperial Chemical Industries, Ltd., in 
Liverpool, and at the time of his death 
was a metallurgist for the Irish Explora- 
tion Co. in Tipperary. 


NORMAN MACKENZIE (Member 
1943), owner of the Coleville Engineer- 
ing Co., Spokane, Wash., died Dec. 8 at 
the age of 53. Born in Canada, Mr. 
Mackenzie attended Manitoba College 
and Manitoba University, receiving his 
BSc. degree in 1919. His education was 
interrupted from 1914 to 1919 while he 
served as Lieutenant-Captain in the Cana- 
dian Engineers during World War I, 
leading a tunneling company in England, 
France, Belgium, and Germany. Varied 
engineering experience in this country 
and Canada brought him to the forma- 
tion of his own company in 1936. He 
engineered and designed 24 rural elec- 
trification systems, carried on extensive 
electrical, municipal, and mining consul- 
tation activities until the time of his 
death. Mr. Mackenzie was also an active 
member of numerous professional and 
social groups, including the American 
oo BPOE, and the Spokane Press 


F. A. G. MAXWELL (Member 1936), 
who spent his whole professional career 
in the South African gold mining indus- 
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try, died in Johannesburg on Dec. 26. 
He was 74 years old. Mr. Maxwell, a 
British citizen, was born in Freemont, 
Neb., received his education at the Colo- 
rado School of Mines, and went to South 
Africa immediately after graduating in 
1895. He played a large part in the foun- 
dation and development of metallurgical 
practice on the Rand, and was consulting 
metallurgist to the General Mining and 
Finance Corp. for the past thirty-three 


Arthur S. Nichols 


ARTHUR S. NICHOLS (Member 
1936), vice-president and sales manager 
of the Illinois Clay Products Co. for 
more than 23 years, died on Feb. 18. He 
was 48 years old. Mr. Nichols, chairman 
of the AIME Committee on Ceramic 
Materials, and chairman of the Chicago 
Section in 1944, was a native Chicagoan, 
educated at the University of Illinois. 
He began his career in 1922 with the 
Harbison-Walker Refractories Co., then 
became a technical adviser to the Chi- 
cago Firebrick Co. before joining the 
Illinois organization. 


ALEXANDER G. McGREGOR (Mem- 
ber 1915), died on March 4 at the age 
of 69. Mr. McGregor had been in Lon- 
don for the past twenty-two years, serv- 
ing as a consulting mechanical engineer 
to the Chester Beatty group of mining 
companies. To that group, he brought 
a formidable reputation as a designer 
and builder of smelting works, mining, 
and metallurgical plants. Some of the 
plants he designed and constructed in- 
clude: the International Smelting Co. 
plant at Miami, Ariz.; the Cerro de 
Pasco Copper Corp’s. smelting works in 
Peru; the Phelps-Dodge smelting units 
at Douglas, Ariz.; and the Inspiration 
C. C. Company’s leaching plant. During 
the recent war he was a consulting engi- 
neer to the British Ministry of Aircraft 
Production. 

Mr. McGregor had a B.S. from the 
University of Montana, was the author 
of numerous economic articles and 
books, among them “The Correct Econ- 


omy for the Machine Age,” “Collective 
Bargaining and Decadence,” and “End 
Wages Conflict.” 


WALTER B. MILLER (Member 
1916), electrical and mining engineer of 
Huntington, W. Va., died last September. 
Mr. Miller was born in 1878, attended 
West Virginia University and the Uni- 
versity of Kentucky, and spent the bulk 
of his early career with Kentucky and 
West Virginia coal companies, except 
for a stint with the Army engineers dur- 
ing World War I. More recently he had 
been general manager for the Kentucky 
King Coal Co., and his last affiliation 
was with the Guyen Eagle Coal Co. in 
Huntington. 


THOMAS MacDONALD ROBERT- 
SON (Member 1948), died last Aug. 16 
at the age of 23. A native of Glasgow, 
Scotland, Mr. Robertson graduated from 
the Royal Technical College in 1945, be- 
came a research metallurgist and later 
assistant melting shop manager in the 
Clydebridge steel works. He was an asso- 
ciate member of the West of Scotland 
Iron and Steel Institute, and a student 
member of the Institute of Metals. 


THEODORE W. ROBINSON (Member 
1884), who was vice-president of the Ili- 
nois Steel Co. until 1932, died on Dec. 30. 
Mr. Robinson had been a member and 
director of various public and private 
organizations, including positions as 
trustee of Northwestern University, a di- 
rector of the City National Bank and 
Trust Co., the Illinois Bell Telephone 
Co., and chairman of Ditto, Inc. He was 
an MIT graduate, class of 1884. 


WILLIAM A. ROSE (Member 1940), 
well known figure in the iron mining in- 
dustry, died in Santa Monica, Calif., at 
the age of 66. Mr. Rose had been with 
the Pickands-Mather Co. for nearly a 
half-century. Born in Rochester, he re- 
ceived a degree in mining engineering 
from the University of Minnesota in 
1906, became chief engineer for the 
Oilver Iron Mining Co., and then went 
to Pickands-Mather in 1913. He was 
appointed chief engineer there, and later 
assistant general manager. After a short 
stint in Cleveland for the Company, he 
retired in January 1947, and went to live 
in California. 


A. D. SHANKLAND (Member 1917), 
metallurgical engineer on the staff of the 
operating vice-president of Bethlehem 
Steel Co., died Jan. 5. Of Mr. Shankland’s 
57 years, 35 were spent at Bethlehem. He 
first joined the Company as a chemist in 
1914, upon graduation from Virginia Poly- 
technic Institute. Subsequently, he rose 
through the positions of metallurgy in- 
spector, engineer of tests, and assistant 
general manager, to the post he was 
holding at the time of his death. 
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FREDERICK WARREN SNOW 
(Member 1917), president of the Ver- 
mont Copper Co., died in Hanover, N. H., 
on March 7. Mr. Snow had been with 
the Company since 1943, having served 
previously as general manager of the 
U. S. Mining and Smelting Co’s. Mic- 
Mac mines in Quebec, and in the same 
capacity for the Eustis mine in Sher- 
brook, Que. A graduate of the Univer- 
sity of Utah, Mr. Snow, had also spent 
thirteen years with the Magma Copper 
Co. in Superior, Ariz., and done mining 
and consulting work in the West and 
South America. 


JAMES W. STARKS (Member 1945), 
director of the Illinois State Mines and 
Minerals Department, died in Spring- 
field on Feb. 3, just seventeen days after 
he had taken over the post. Union mem- 
bers and coal operators alike had both 
heartily approved of his appointment last 
December. For the past 27 years he had 
been with the Peabody Coal Co., and for 
eight years was a mine officer in the de- 
partment he came to head. He had also 
served four years as mine inspector in 
eight different counties, bringing a back- 
ground of twenty-five years’ varied experi- 
ence to his work for the State. 


DAVID R. THOMAS (Member 1904), 
Canadian mining engineer, died on 
March 4 at the age of 73, in Toronto. 
The British-born Mr. Thomas received 
his education and early training in his 
homeland, came to Canada in 1899 as an 


Sie 


engineer for the Canadian Pacific Rail- 
way. Later he spent over ten years as a 
mine executive in Mexico, and another 
decade in mining, consulting, and mana- 


gerial positions in Mexico, New York, 


and Canada, respectively. When he re- 
tired from active practice in 1930 he 
was a mining consultant in Toronto. 


WILLIAM G. WAGNER (Member 
1920), died in London, England, on 
March 19 at the age of 75. Mr. Wagner 
was managing director of George T. 
Holloway and Co., of London, which 
firm he had been with for the past forty- 
one years. 


BAILEY WILLIS (Member 1892), 
seismologist and geologist of international 
fame, died in Palo Alto, Calif., on Feb. 
19. Dr. Willis, who had made a lifelong 
study of earthquakes, was also a writer, 
lecturer, explorer, and world traveler, and 
extremely active until his ninety-first, and 
last year. A Columbia School of Mines 
graduate, he began his career as a min- 
ing engineer, later worked with the 
USGS, did research in China for the 
Carnegie Institution, and exploration in 
Argentine. In 1915 he took over Stanford 
University’s department of geology, was 
forced to retire at sixty-five, but stayed 
on as professor emeritus until the time 
of his death. Just before his death he 
completed the second part of his two- 
volume biography, entitled “Friendly 
China.” 


Proposed for Membership 


Total AIME on April 
1949, 15,566; in addition 4187 


were 


ApMIssions COMMITTFE 

James 1.. Head. Chairman: Albert J. Phil- 
lips, Vice-Chairman: George B. Corless, T. B. 
a Counselman, Ivan A. Given, George C. Heikes, 
Richard D. Mollison, and Philid D. Wilson. 
Institute members are urged to review this 


a 
ae ® list as soon as the issue is received and im- 
ee mediately to wire the Secretary's office, night 
message collect, objection is offered to the 


admission of any applicant. Details of the ab- 
jection shonid follaw by air mail. The In- 
stitute desires to extend its privileges to every 
person to whom it can be of service but does 
not desire to admit persons unless they are 


fie 
In the foliowing list C/S means chanee at 
status: R, reinstatement; M,. Member: J, 
Junior Member; AM, Associate Member; 
&: Student Associate; F, Junior Foreign Affil- 
e. 


ALABAMA 

Birmingham — SPARF, CHARLES 
ROY. (R,C/S—S-AM). Explosive ser- 
viceman, Hercules Powder Co. 
ARIZONA 

Klondyke—WILSON, GLEN BAYHA. 
(C/S—J-M). Mine superintendent, Ath- 
letic Mining Co. 

Morenci— JACOBY, DWIGHT CLARK. 
(C/S—S-J). Hydrographic engineer, 
Phelps Dodge Corp., Morenci branch. 


ye — DRAPER, DARRELL 
4 WALLINGTON. (M). Process service 
‘ representative, Linde Air Products Co. 
<i Bakersfield — CHRISTENSEN, JOHN 


= ALEXANDER. (M). Geologist, British- 
¥ American Oil Producing Co. 
Berkeley—McCLELLAND, THOMAS 
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HUTCHISON. (R,C/S—AM-M). Field 
manager, AsnazG Gold Dred jae Pe Ltd. 

Fontana — SAUSSAMA HN 
furnace dept., Kaiser 

Los An vies — TIPTON, KENNETH 
AMESTOY. (C/S—S-J). Insurance agent 
and broker, Kenneth E. Tipton Insurance 
Agency. 

Maywood — BOWDEN, CARL B. 
(C/S—S-J). Assistant petroleum. en- 
gineer, Union Oil Co. of California. 

Pittsburg — CALDWELL, THOM 
EDGERTON. (M). Works Wy 
Pittsburg works, Columbia Steel Co. 
COLORADO 

Cherry Hills Village — NICHOLSON, 
JAMES DOUGLASS. (M). General man- 
ager, The Mine & Smelter Supply Co. 

Leadville — METZGER, GUINN ED- 
WARD. (C/S—S-J). Junior metallurgist, 
Resurrection Minin 
— LE ZINGER, LESLIE 
. (C/S—S-J).Field engineer, 
Union Pacific Railroad Co. oil develop- 
ment, c/o The Texas Co. 

DISTRICT OF COLUMBIA 

Washington — BRABANT, PAUL 
HENRL (™). Consulting engineer on 
Chinese mines, Pierce Management, Inc. 
IDAHO 

Wallace—HAALAND, OTTO ELMER. 
(C/S—AM-M). Minin 
kane-Idaho Mining HAMILTON, 
WOODMAN CLARK, JR. (J). Shift 
boss, Day Mines, Inc. 


ILLINOIS 

Chicago — BIDDLE, GEORGE 
JOSEP. (M). Assistant ‘sales manager, 
Tllinois Clay Products Co. JAIN, PADAM 
PRASAD. (M). Engineering supervisor, 
Killium & Co. SIREL, I. ALEXIS. (M). 
Metallurgist, Youngstown Sheet & Tube 
Co. SLO JOSEPH J. (M). Super- 


visor, design-hydraul Good 
ign-hy ics, man Mfg 


Danville—MERLE, JAMES JOSEPE. 
(C/S—J-M). Assistant tion man- 
ager, Ayrshire Collieries Corp. 

SENTIN — HUB 
Sincer, . (R,C/S—S- ining en. 


Chief chemist, Ayrshire Collterics 


NDERSON, 
GRANT PHILLIP. (C/S— Cane 
Salem—LOVE, RICHARD WILLIAM 
(M). ict petroleum engineer, 
x, JESSE FRA 
Pe engineer train 
Texas Co. = The 
INDIANA 
— CALLAGHAN, Ev. 
S—J-M). Professor of 
geology, Indiana 
West ALB 
WILLIAM. Instructor of metal- 
lurgy, Purdus niversity. 


enham—NEWMAN, ELMER 
BER. (R-M). Chief engin terna- 
tional Harvester Co. = 
LOUISIANA 

Minden — N, KENNETH 


HENRY. (C Juni puter, 
un 
Stanolind Oil & Gas Co. - 
MASSACHUSETTS 
Stait member WILLIAM ¢ 
member of tallurgy 
project, MIT. 
MICHIGAN 
Detroit —SYTICKEL, JOHN 
ERICK, JR. (C/S—S-J). Geol 
gineer, Wesley, Bedford & Stickel. 
Marquette—DeHAAS RDON TIF. 
FANY. (c/S—S-J). Sales engineer, C. T. 
DeHaas Co. 
DERMOTT, 
ng — Mc WILLIAM 
FRANCIS. (J). Mechanical engineer, 
W. S. Moore Co. 
Parkville—VAN EVERA, JAMES Ww, 
JR. (C/S—J-M). Chief mine engineer, 
Inter-State Iron Co. 


cComb — ARTIN, WALT 
OBIER. (C/S—S-M). Reservoir A; 


neer, The Texas Co. 


MISSOURI 

Kirkwood — MASSMANN, ALBERT 
P. (M). In charge of preparation, Sin- 
clair Coal Co. QUINN, MAURICE L 
Electrical engineer, Sinclair 
‘0. 


St. Louis—SCALLY, JOSEPH ED- 
WARD. (R,C/S—J-M). Vice-president, 
Harmony Oil Corp. 

MONTANA 

Cut Bank—-FLUGSTAD, JOHN BUT- 
LER. (RC/S—S-M). District engineer, 
The Texas al 
NEW JERS 

North Plain feld—COOK, CHARLES 
ROSCOE, JR. (C/S—S-J). 
metallurgist, Titanium Division, National 
Lead Co. 


NEW MEXICO 

Buckeye—DENSON, JACK MceVAY. 
(C/S—S-J). Petroleum engineer trainee, 

The Texas Co. 
Carlsbad—BINSWANGER, 

pe (M). Extra supervisor, U. 8. Pot- 


Hobbs—BEARLY, MARION FRANK. 
(J). Student engineer, Gulf Oil Corp. 
NEW YORK 

Albany—BROUGHTON, JOHN GER- 
ARD. M). Acting state geol- 
ogist, N. State Science Service. 

New York CULLITY, BERNARD 
DENNIS. (C/S—J-M). Scientific liaison 
officer, Office of Naval Research, Ameri- 
can Embassy. JAMES, HAROLD 
Metailurgical engineer, 


ISAAC. (C/S—S-AM). 
Wright Corp. VASSILO- 
POULOS, GEOR Metal- 

S-AM). Research engineer, Syracuse 
University. 

White Plains ——-MULLANE, JOHN 
JOSEPH. (M). Production executive as 
sistant, Standard Oil Co. (N 

Yonkers—LESZYNSKI, WERNER 
(M). Editor, Powder Metallurgy Bul 
letin: member, Research staff, Ameri 
can Electro Metal Corp. 
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mbus—-NELSON, HOWARD ED- 
WARD. (J). Saies engineer, Jeffrey Mig. 


Memorial Institute. 


OKLAHOMA 
Bartlesville—ALLEN, ERNEST, JR. 
Petroleum 
Ponca City — MESSER, ELMER 5S. 
M). Research engineer, Continental 


Co. 
HALEY, NEWTON PHILIP. 
gn. Consultant, Whaley Engineering 


OREGON 

Salem—SCOTT, LEWIS EUGENE. 
(J). Geologist, State Highway Dept. 
PENNSYLVANIA 

Bethlehem—LARSON, HUGO CHRIS- 
TIAN. (M). Metallurgical engineer and 
secretary of Bethlehem plants commit- 
tees, Bethlehem Steel Co. 

Norristown — MATHEWS, DONALD 
R. (M). Open-hearth superintendent, 
Alan Wood Steel Co. 

Pittsbur. h — EICHELMAN, GEORGE 


HENRY, JR. (C/S—S-J). Intermediate 
metallurgist, Westinghouse Research 
Laboratories. SEWA JOHN EMRIE. 


c/S—S-J). Practice engineer, Jones & 
Steel Co. 


HA 
sistant, Penn. State College. 
SOUTH DAKOTA 

Belle Fourche — ELLERMAN, 
MATHIAS. (R,C/S—J-M). Local 
ager, Wy Chemical Co. 


TEX 

Athens — HARGRAVE, AUSTIN 
JESSE. (M). District production man- 
ager, Lone Star Gas Co. 

Greggton—SCHMIDT, LOREN ARN- 
OLD. (J). Junior petroleum engineer, 
Stanolind Oil & Gas Co. 

Houston—KINDS VATER, PAUL A. 
(R,C/S—S-M). District engineer, Brit- 
ish-American Oil Producing Co. LUGOL, 
GILBERT M. (J). ——— des Mines 
en Service Detache, Direction des Car- 
burants. CLAUDE F. 
(J). Drilling engineer, Regie Autonome 
des Petroles. ZWICKY, ROBERT WIL- 
LIAM. (C/S—S-J). clunior exploitation 
hell Oil 

RALPH. 


Kilgore—GEFFS, CHARLES 
). Petroleum engineer, Sun 


Longview — OKERSON, STANLEY 
JOHN. a ). Equipment engineer, Stan- 
olind Oil & Gas Co. 

Lubbock — CHAPIN, ESROM LON. 
(M). Petroleum engineer, Stanolind Oil 
& Gas Co. COTEY, BRADFORD J. (M). 
Manager, Oilwell Chemical Service Co. 
CROSBY, GEORGE ERNEST. (R,C/S— 
_—*,< District engineer, Stanolind Oil & 


Midland — DARDEN, FRANK. JR. 
9. Junior petroleum engineer, Humble 
& Refin Co. GILL, PERRY A. 


M). 
rp. MOORE, WILLIAM DAVID. 
(C/S_S-J). Junior petroleum engineer, 
Humble Oil & Refining Co. PIERCE, 
EDWARD JARVIS. (M). Petroleum en- 
gineer, Mid-Continent Petroleum Co: 
Odessa—MASSEY, JOHN KILBAN 
AM). Con superintendent, Plastic 
PRUITT, LEE EUGENE. 
(M). engineer, Sunray Oil 
Pampa — THOMAS, FRANK GRA- 
HAM. (M). District petroleum engineer, 
Humble Oil S Refining Co. 
Beis HOR GEORGE, JR Sciamic 
mograp 
Explorations, Inc. 


‘AH 
Midvale—SCHOLL, KEITH, 
(C/S—J-M). U. S. Smelt- 
ng Refining & Mining Co. 
it Lake City — CROPPER, KEN- 


NETH FAY. Engineer, 
MURRAY CHAR- 


draftsman, 
Smelting & Co. 
le RS, ROBERT G. 
¢ -M). Coal mine manager, Kaiser 
WASHING 
/S—S-J 
Electric Co. 


VIRGINIA 
own—HESS, ROBERT HAR- 
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THOMAS C., 
Metallurgist, Generali 


OLD. (C/S—S-J). Assistant 


K, GEO 
EDWARD. (C/S—S Hat- 
field-Campbell Creek Coal 


WYOMING 
Cod RICHARD LEWIS. 
(M). wx reservoir engineer, Stan- 
olind Oil & Gas Co. 
Worland—MORRIS, JAMES IRVING. 
(C/S—S-J). District’ production engi- 
neer, Pure Oil Co. 


ALASKA 

College — MONROE, D. GILBERT. 
(C/ -J). Junior engineer, Boeing 
Aircraft Co. 


BRITISH COLUMBIA 


Vancouver—BARER, RALPH DAVID. 
(C/S—S-J). Instructor in physical met- 


allurgy, University of British Columoia. 
Lynn Lake—MORRISON, WILLIAM 
FRANCIS. (M). Resident geologist, 
n Lake property, Sherritt Gordon 
ines, Ltd. 
ONTARIO 
St. Thomas—CLAUS SERNCER. (J). 
Geologist, Oliver ad Mining 


Toronto — HEWITT, DONALD 
FRANK. Geologist, indus- 
trial ra! tario Dept. of Mines. 
QUEBEC 


Arvida—GILLIS, JOHN MAURICE. 
(M). Supervisor, ‘caustic plant, Alum- 
inum Co. of Canada. 

CHIHUAHUA 

Chihuahua — BROWN, SEVERN 
PARKER. (J). Assistant 
American 


Co. ZANGWILL, AYRTON ISRAEL. 
). superintendent, Avalos 


aaa American Smelting & Refining 


aulo—SCHMIEGELOW, EGON. 
Metallu 1 engineer, Cia. 


Brasiic:ca de Material Ferroviano. 
CHILE 
Chuquicamata ENDERSON, 


HARRY BACKUS. (RM) 
neer, Chile Exploration Co. 
GOLD COAST COLONY 
Accra — NICHOLLS, WILLIAM. 
(R-AM). Mining engineer, 
African Selection Trust, Ltd 


SIERRA LEONE 
ZIE, GORDON 


Test engi- 


Freetown — MACKEN 
BRIAN. (M). General manager, Sierra 
Leone Development Co. 
INDIA 

Bombay—MEHTA, R. K. (M). Tech- 
nical director, Kamani Meta's & Alloys, 
Ltd. and Kamani Engineerine Corp. 

Kolar Gold Field—RAJAN, V. M. 
SUNDARA. (M). Chief assistant sur- 
veyor, Nundydroog Mines, Ltd. 
QUEENSLAND 


LESLIE JAMES. 
(M). Foreman, cottrell & baghouse, Mt. 
Isa Mines, Ltd. 
VICTORIA 
Melbourne—GLEN 


MALCOLM. (M 


American 


STUDENT ASSOCIATES 
Elected May 18, 1949 


Charles Orville Allen..... Univ. S. Calif. 
Jerry Bob Allen............ P 

Nicholas Dean Altimus.... . Penn. State 
Jerome Anton Andruske. 
Raymond Richard Angstadt. Penn. State 


Joseph 8. Arnold, Jr...Univ. Pittsburgh 
Harry Harper SSS Penn. State 
Rixford Allan Beals..... Univ. Calif. 
Frank Patrick Bence. .Penn. State 


Okla. A&M 
. Poly. Inst. 


Clarence W. Bowlby. -Colo. Sch. Mines 
Max Irvin La. State Univ. 
Stuart S. Brown..... -Melbourne Univ. 


Robert Winslow Brumbe . Penn. State 
F. Bulloch. ..Bklyn. Poly. Inst. 


Jerry 
Furman H. Burge, Jr..S. Dak. Sch. Mines 
Robert Gustav Carlsor . Bklyn. Poly. Inst. 
Rodney Harvey Chow... . Univ. 8. Calif. 


Allan Abbott Coburn...... Penn. State 
Arnold Gaylord Connor.....Univ. Minn. 
Charles James Conrad. ..... Penn. State 


Frank Earl Eckert, Jr... ... ".Penn. State 
Jack Walton Edwards. —— Tech. Coll 


Alfred Norman panning (Rein. ) 
o. 


Mines & Met. 
Chester Ernest Jr...Okla. A&M 
Robert Louis +> speed Cornell Univ. 
William D. Fugit.......... niv. Vv. 
George C. Gabel........... Penn. State 


Mell, Izzet Genca...... Colo. Sch. Mines 
Dan Kelly Gilbert..... La. State Univ. 
Donald Fiatau Goldsmith. Inst. Tech. 


Samuel Goodman......... ayne Univ. 
Sol Gorenbein CCNY 
Jack Edward Hafli nge Fenn Coll. 


Jonathan H. Halsey Rein.) . Univ. Calif. 


Robert L. Halvorsen..... Penn. State 
Robert Kay Hansen. Penn. State 
Carl Dwayne Hanson... Penn. State 


Thomas Jakie Harp.... ta. State Univ. 
krancis David Hart..... Lafayette Coll 


John Edward Helm... univ. Wisc. 
John Stewart Henkel..Melbourne Univ. 
Robert A. Herstine......... ’enn. State 
Warren Henry Hinks, Jr.... Penn. State 
Leonard M. Hogan.... bourne Univ. 
Perry Lanson Hols inger .. Ohio State 
Robert Dillon Horst... Univ. Pittsburgh 
Patrick Wendell Huber. .Penn. State 


Walter Prentiss Jensen La. State Univ. 
Raymond Alvin Johnson....Univ. Utah 
Ernest Allan Jonas. .N. Mex. Mines 


John Joseph Justen. Un Tex. 
Bob Kazarian .......... Calif. 
Dean David Kerr........ niv. Kans. 
John Stuart K le....°.. .Ohio State 
Arthur Andrew Krieger. Univ. Nev. 
Ulf &. Landergren..Carnegie Inst. Tech. 
Warren E. Latimer. ...... . Penn. State 
Robert William ..Penn. State 


Eric J. Layton. 
James Clark Leisk. 


Robert Vinton D. Lord, Jr.... lowa State 
John Dabney Lung...... Univ ft. 


te Univ. 
K. David McKay......Melbourne Univ. 
Charles Allan McLeish..... Univ. B. C. 


Raymond N. McNally.Melbourne Univ. 
Arthur Theodore Mengel....Penn. State 
Robert J. Menzie.......... — State 
Robert E. Merkle..:....... te 


Penn. Sta’ 
John Richard Miller... Mo. Mines ‘& Met. 
George Montgomery Mitchell. Penn. State 
Cecil Corter Miller. St. Louis Univ. 
ward Moore... .St. Louis Univ. 
Lester Lazell Neblett, Jr. Univ. 8. Calif. 
Carl Godfrey Nelson... . Ue. S. Calif. 
Roman Nowicki 4 ..Wayne Univ. 
Paul Francis Newton....Univ. S. Calif. 
Dwight Conlan Oglesbee ..Univ. Kans. 
Albert Fred Peterson, Jr. La State Univ. 
John Anthony Potenza..... Penn. State 
Gerald Edward Rennick 
John Peter Rokosh...... niv. B. 
nald George Rosenkranz.Univ. Wisc. 
Robert Duane Saltsman Lafayette Coll. 
David Albert Sanders....... Ihio State 
William Dave Sauer Univ. 8. Calif. 
John Frederick Schnars. Penn. State 
Richard Joseph Schneider 
La. State Univ. 
Edward Stewart Shea, Jr. 
La. State Univ. 
William Clarence Schoof.Univ. 8. Calif. 
Richard Charles Sennett....Penn. State 
William Harvey Shaffer. Lafayette Coll. 
Keith Darden Sheppard (Rein.) 


, State 
Clark Merrill Sherwood. . Penn. State 
Robert Harvey Shrut .Univ. Pittsburgh 
William Reinartz Sittig... Penn. State 
Charles Eugene Sonntag, Jr. 
La. State Univ. 
Henry Roy Speyrer..... La. State Univ. 
Henry Lee Steadman..... .Penn. State 
William R. Thurtle ni. Inst. Tech. 
Helmuth Timm .......... ..Univ. Okla. 
George Vacek, Jr........ Ill. Inst. Tech. 
Jim Wilson Vidrine.... La. State Univ. 
Roland D. Wardell......... Univ. Minn. 
George Patterson West..... Penn. State 
Charles Campbell White.. Univ. Otago 
James land White....... niv. Kans. 


James Ronald Williams, Jr. Penn. State 
Robert Arthur Winslow -Penn. State 
H. B. Wofford........... . Univ. Kans. 
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Allen L. Crockford.Camborne Sch. Mines 
Coral Roland Dardenne. .La. State Univ. 
Laroy Dean, Jr. ...-Univ. S. Calif. 
\ Rafael K. De Bie Carnegie Inst. Tech. 
T M. Kramer Richard Duhe. La. State Univ. 
tharge, 
| 
% 
State ouege— MELUNRUM, A 
ch as- 
OTTO 
man- 
MARTIN BECERRA. (M). 
e 
ing 
(M 
John Alfred McCabe........Okla. A&M 
James William McCarrick, Jr. 
‘ 
i 
Charles Richard Benson.....Ohio State i 
Alan M. Bieber........ 


No Directory will be published in 1949, the following 
list of AIME officers and committees is being printed in the 
three journals. It includes the committees of the Mineral 


Magazine 


\ MINING ENGINEERING 


JOURNAL OF METALS 


JOURNAL OF PETROLEUM TECHNOLOGY 


DIVISION CHAIRMEN—Directors Ex Officiis 
Frederick N. Rhines (Institute of Metals), Pittsburgh, 


4 Pa. 
— Lieyd E. Elkins (Petroleum), Tulsa, Okla. 
-. C. D. King (Iron and Steel), Pittsburgh, Pa. 


a E. R. Price (Coal), Wheelwright, Ky. 
iS —_ L. Wilson (Mineral Industry Education), Rolla, 
0. 
1 Meyerhoff (Industrial Minerals), Northamp- 
n, 
S. J. Swainson (Minerals Beneficiation), Stamford, Conn. 


John D. Sullivan (Extractive Metallurgy), Columbus, 
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American Institute of Mining and Metallurgical Engineers 


Industry Education and Mineral Economics Divisions. Com. 
mittees of other Divisions appear in Section 1 of the Branch 
journals as follows: 


Divisi 


Coal 

Industrial Minerals 

Extractive Metallurgy 

Minerals Beneficiation 

Mining, Geology and 
Geophysics (Not yet 
appointed) 


Institute of Metals 
Iron and Steel 
Extractive Metallurgy 


Petroleum 


OFFICERS AND DIRECTORS 
1949 


PRESIDENT 
L. E. Young’, Pittsburgh, Pa. 


PAST PRESIDENTS 
Clyde Williams’, Columbus, Ohio 
W. E. Wrather’, Washington, D. C. 

VICE-PRESIDENTS 


Robert W. Thomas’, Ray, Ariz. 

C. Harry Benedict’, Lake Linden, Mich. 
D. H. McLaughlin’, San Francisco, Calif. 
A. B. Kinzel*, New York, N. Y. 

Philip Kraft’, New York, N. Y. 


VICE-PRESIDENT AND TREASURER 
Andrew Fletcher’, New York, N. Y. 


DIRECTORS 
Oliver Bowles’, Washington, D. C. Newell G. Alford’, Pittsburgh, Pa. William E. Brewster’, Chicago, Ill. 
Arthur J. Blair’, Birmingham, Ala. Richard J. Ennis*, Schumacher, Ont. William J. Coulter’, Denver, Colo. 
W. W. Mein, Sr.?, San Francisco, Cal. J. B. Haffner’, Kellogg, Idaho Erle V. Daveler’, New York, N. Y. 
C. V. Millikan’, Tulsa, Okla. Albert J. Phillips’, Barber, N. J. James L. Head’, New York, N. Y. 
E. E. Schumacher’, Murray Hill, N.J. Cresap P. Watson’, Los Angeles, Cal. W.M. Peirce’, Palmerton, Pa. 
John R. Suman’, Houston, Texas Clyde E. Weed’, New York, N. Y. George P. Swift*, Waltham, Mass. 


wy W. Pehrson (Mineral Economics), Washington, 


SECRETARY 
Edward H. Robie, 29 West 39th St., New York 18, N. Y. 


ASSISTANT SECRETARIES 
E. J. Kennedy, Jr., Ernest Kirkendall, William H. Strang 


ASSISTANT TREASURER: H. A. Maloney 


COUNSEL 
Douglas, Armitage & Holloway, New York, N. Y. 


* Director until Feb., 1950. *Director until Feb., 1951. * Director until Feb., 1952. 
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EXECUTIVE COMMITTEE OF THE 
BOARD OF DIRECTORS 
L. E. Young, Chairman 

Donald H. McLaughlin, Vice-Chairman 


A. B. Kinzel Earle E. Schumacher 
Jo Suman 


FINANCE COMMITTEE OF THE 
BOARD OF DIRECTORS 
Erie V. Daveler, Chairman 
Philip Kraft Clyde E. Weed 


INVESTMENTS 


Erle V. Daveler, Chairman 
W. L. Kleitz, '52 Henry Krumb, '50 
Joseph E. Pogue, 


Ex officiis 


Andrew Fletcher, Treasurer, AIME 
Erle V. Daveler, Chairman, Finance 
Committee, 


LOCAL SECTION APPROPRIATIONS 


Earle E. Schumacher, Chairman 
Linwood Thiessen Clyde E. Weed 


ENDOWMENT 
Harvey S. Mudd, Chairman 
William J. Coulter D.C. Jackling 


Cleveland E. Dodge Milnor Robe: 
H. N. Eavenson W. A. 
Ww Sykes 


ENDOWMENT FUND “x” 


Andrew Fletcher, Chairman 
V. Daveler, Philip Kraft, '50 
Franz Schneider, 


HONORARY MEMBERSHIPS 
Harvey S. Mudd, Chairman 
Clyde Williams W. E. Wrather 


Henry Krumb,'50 ‘Leo F. Reinartz, 
HowardC. Pyle,’51 Reno, H H. Sales, "52 
L. E. Young, ex officio 


ADMISSIONS 
James L. Head, Chairman 
Albert J. Phillips, Vice-Chairman 
Corless George C. Heikes 


Counselman R. D. Mollison 
Hallett Ivan A. Given 
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STANDING COMMITTEES 
1949 


MEMBERS’ CONDUCT 
Donald B. Gillies, Chairman 


Eugene McAuliffe 


W. E. Wrather 


ROCKY MOUNTAIN INCOME 
Henry Krumb, Chairman, 


Philip Kraft, ’51 


Harvey S. Mudd, '50 


SEELEY W. MUDD MEMORIAL FUND 


Wilber Judson, 


C. H. Mathewson, '49 


H. DeWitt Smith, 50 
L. E. Young, ex officio 
E. H. Robie, ex officio 


GEMMELL MEMORIAL FUND 
D. C. Jackling, Chairman, '53 


J. M. Boutwell, 
Louis S. Cates, ’5 


E. Engelmann, 
w B. Heroy, "51 


HENRY L. DOHERTY 
MEMORIAL FUND 


John M. Lovejoy, Chairman 


E. DeGolyer 


Warren A. Sinsheimer 


ROSSITER W. RAYMOND 
MEMORIAL AWARD 


J. R. Van Pelt, Jr., Chairman, '52 


N. G. Alford, 


H, Dolbear, 


E. M. 
Pu 


Cc. H. Mathewson, 


M. G, Gulley, *54 
Technical 


Wise, Chairman, 
blications Committee, ex officio 


ROBERT H. RICHARDS AWARD 
Cc. Harry Benedict, Chairman, '50 


Lyle M. Barker, "51 
Fred DeVaney, "53 


Klepetko, 


RAND FOUNDATION AWARD 
Zay Jeffries, Chairman 


Until Feb. 1950 


Zay Jeffries 
David D. Moffat 


Until Feb. 1951 


H. N. Eavenson 
G. M. Humphrey 


Until Feb. 1952 


Eugene G. Grace 
Eugene Holman 


Until Feb. 1953 


8. F. Bowlb 
W. E. Wra 


L. E. Young, ex officio 


DOUGLAS METALLURGICAL MEDAL 
W. Engelmann, Chairman 
Until Feb. 1950 Until Feb. 1952 


R. G. Bowman John L. Christie 
E. W. Engelmann Elmer Isern 


M. G. Fowler E. R. Marble 
R. F. Mehl E. H. Rose 
Until Feb. 1951 Until Feb. 1953 


Ernest Klepetko 
H. Mathewson 
Daniel L. Ogden W. E. Remmers 
Kent R. Van Horn A D. Turnbull 


lL. E. Young, ex officio 


E. A. Anderson 
H. W. Hardinge 


SAUNDERS MINING MEDAL 


Fred Searis, Jr., Chairman 
Until Feb. 1950 Until Feb. 1962 


N. G. Alford Earl E. Hunner 

J. Murray Rid Albert Mendelsohn 
H. L. Roscoe Robert H. Morris 
Fred Searls, Jr. Heath Steele 

Until oo, us Until Feb. 1953 

8. 8. C Jay A. Carpenter 


3 ‘Coulter Evans, Jr. 
J. B. Morrow D. D. Moffat 
LeRoy Salsich E. 8. McGlone 


L. E. Young, ex officio 


LUCAS PETROLEUM MEDAL 
Herbert Hoover, Jr., Chairman 
Until Feb. 1950 Until Feb. 1962 


Herbert Hoover, Jr. A. R. Denison 
James O. Lewis M. Gordon Gulley 
H. H. Power Howard C. Pyle 


Until Feb. 1951 Until Feb. 1953 
H, F. 
W. N. Lace Fred M. Nelson 
Theodore E. Powteant Wallace E. Pratt 
Members ex officiis 
James i Dir., U. 8S. Bureau of Mines 
R. Boyd, Pres., API 
oun Weaver, Pres., 
L. E. Young, Pres., AIME 


ERSKINE RAMSAY MEDAL 
D. L. McElroy, Chairman '50 


. Ball, ’53 C. P. Heiner, 
W. C. Chase, ’52 C. E. Hough, '50 


lL. E. Young, ex officio 
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C. ¥. Garber, A. Pearse, '52 t 
Elmer Isern, A. F. Taggart, 
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TECHNICAL PUBLICATIONS 
COMMITTEE 


E. M. Wise, Chairman 
George C. Heikes, Vice-Chairman 
Gail F. Moulton, Vice-Chairman 
E. J. Kennedy, Jr., Secretary 
Anthony Anable J. I. Laudermilk 
Janet Z. Briggs W. H. Loerpabel 
Vinton H. Clarke E. C. Meagher 
W. H. Farrand Earl W. Palmer 
Francis B. Foley L. C. Raymond 
Gerald B. Gould Jerome Strauss 
Members ex officiis 
E. H. Robie E. O. Kirkendall 
Strang 


Auxiliary Publications Committees 


GEOLOGY AND METAL MINING 
R. A. Pallanch, Chairman 


Carlos Bardwell James R. Long 

E. W. Engelmann Whitman G. 
Ernest Klepetko Rouillard 

R. S. Lewis Leland A. Walker 


MINERALS BENEFICIATION 
DIVISION 
M. D. Hassialis, Chairman 


A. M. Gaudin F. M. Lewis 
Thomas M. Morris 


IRON AND STEEL DIVISION 
Michael Tenenbaum, Chairman 
A. G. Forrest Cc. S. Smith 
W. E. Mahin J. M. Stapleton 
B. R. Queneau F. M. Washburn 
Otto Zmeskal 


EXTRACTIVE METALLURGY 


Carleton C. Long, Chairman 
Hugh M. Shepard J. D. Sullivan 


INSTITUTE OF METALS DIVISION 
Oo. B. J. Fraser, Chairman 
W. C. Ellis, Vice-Chairman 
H. L. Burghoff E. H. Hollingsworth 
Gerald Edmunds G. L. Kehl 
W. R. Hibbard, Jr. R. L. Rickett 


COAL DIVISION 
H. P. Greenwald, Chairman 
Samuel M. Cassidy H. J. Rose 
David H. Davis G. Albert Shoe- 
Carroll F. Hardy maker 
J. A. Younkins 


PETROLEUM DIVISION 
Gordon H. Fisher, Chairman 
J. D. Collett, Jr. Paschal Martin 
K. C. Howard J. A. Slicker 


INDUSTRIAL MINERALS DIVISION 


H. D. Keiser, Chairman 
Oliver Bowles H. I. Smith 
Oliver C. Ralston Richard W. Smith 
MINERAL INDUSTRY 
EDUCATION DIVISION 
Cari Tolman, Chairman 
T. L. Joseph H. H. Power 
W. B. Plank A. W. Schiechten 


WAYS AND MEANS 
Philip Kraft, Chairman 
Albert J. Phillips, Vice-Chairman 
N. G. Alford Lloyd E. Elkins 
A. J. Blair H. A. Meyerhoff 
W. M. Peirce 
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COORDINATING COMMITTEE ON 
TECHNICAL PROGRAM FOR THE 
ANNUAL MEETING 


Ss. J. Swainson, Chairman 


Charles H. Behre, Jr. 


Philip B. Bucky 
W. A. Dean 

H. B. Emerick 
Richard M. Foose 


R. T. Gallagher 
Grover Holt 

T. D. Jones 

Elmer R. Kaiser 
John E. Sherbourne 


STUDENT RELATIONS 
M. D. Cooper, Chairman 
John V. Beall, Secretary 


John M. Boutwell 


T. G. Chapman 

W. R. Chedsey 
Carl J. Christensen 
John 8. Crout 
James R. Cudworth 
N. A. D’Arcy, Jr. 
George H. Deike 
James D. Forrester 
J. B. Haffner 

E. A. Holbrook 
Charles T. Holland 


Ponald L. Katz 
Charles E. Lawall 
David R. Mitchell 
E. V. O’Rourke 


J. Murray Riddell 
E. F. Schramm 
H. DeWitt Smith 
William I. Smyth 
R. Spindler 

W. A. Staab 

J. U. Teague 

F. A. Thomson 
S. T. Yuster 


Subcommittee on Student 
Prize-Paper Awards 


Clark B. Carpenter, Chairman 


E. F. Schramm 


William A. Staab 


LIBRARY 
Executive Committee 


James Douglas, 


Frank T. 
E. 


"62, Chairman 
Sisco, "50 
Robie 


Ex officio 
General Committee 


Local Section 
Alaska 


Representative 
Earl H. Beistline 
B. 8S. Butler 
Edward L. Tullis 
R. Schuhmann, Jr. 


Appalachian Veleair C. Smith 


hicago F. L. Riddell 
Cleveland L. W. Kempf 
Colorado J. Harlan Johnson 
Columbia Oscarson 
Delta Craft 
Detroit Z. Dailey 
El Paso Metals E. M. Thomas 
Gulf Coast J. M. Bugbee 
Lehigh Valley John H. Frye 
Mid-Continent H. M. Cooley 
Minnesota W. H. Emmons 
Montana A. E. Adami 
Nevada Vincent P. Gianella 
New York Jerome Strauss 
North Texas George H. Weber 
Ohio Valley Howard Russell 
Oregon John E. Allen 
Philadelphia Charles B. Allen 
Pittsburgh G. Thiessen 
St. Louis James D. Forrester 
San Francisco George J. Young 
Southeast Russell S. Poor 


Southern California 
Southwest Texas 


L. W. Chasteen 
Ford A. Bankston 


Tri-State H. H. Utley 
Upper Peninsula Brewer 
Utah S. Lewis 
Washington, D. C. Oliver C. Ralston 
Wyoming R. P. Hogan 
RESEARCH 

Elmer R. Kaiser, Chairman 
R. S. Archer Matthew A. Hunter 
Fred C. Bond Louis Jordan 
P. B. Bucky H. H. Lester 
Jay A. Carpenter Cc. E. MacQuigz 

Oliver C. Ralston 


J. E. Drapeau, Jr. 
Gustav ~ 
B. E. Fiel 


A.C. Fieldner 
Francis B. Foley 
Paul D. Foote 


F. H. Reed 

E. E. Schumacher 
H. A. Schwartz 
Arthur F. Taggart 
Sam Tour 

T. H. Wickenden 
Curtis L. Wilson 


COOPERATION WITH THE 
CANADIAN INSTITUTE OF MINING 
AND METALLURGY 


Alan M, Bateman, Chairman 
Max W. Ball, Vice-Chairman 


A. Brusset Philip Kraft 
Hoy H. Clarke Hugh E. McKinstry 
R. W. Diamond William E. Milligan 
Stanly A. Easton Milnor Roberts 
Horace J. Fraser J. G. Ross 
F. W. Guernsey R. J. Spry 


J. K. Gustafson W. Summer- 
M. L. Haider hayes 
George C. Heikes Francis A. 
Pierre R. Hines Thomson 
Oliver B. Hopkins Scott Turner 
John Knox E. A. White 


PROBLEMS ARISING FROM 

COLLECTIVE BARGAINING 

Francis B. Foley, Chairman 
W. E. Brewster Thomas G. Moere 


Basil P. Kantzer H. E. Nold 
H. H. Kaveler E. E. Schumacher 
Scott Turner 


Charles R. Kuzell 
Frank A. Wardlaw, Jr. 


SEELEY W. MUDD SERIES 
VOLUME ON HEALTH AND SAFETY 
IN MINING 


Editorial Advisory Board 
Clarence M. Haiaht. Chairman 
J. J. Carrigan H. C. Henrie 
George H. Deike ‘Theodore Marvin 
Oscar A. Glaeser T. G. Murdock 
Daniel Harrington R. R. Sayers 


SEELEY W. MUDD SERIES 
VOLUME ON MECHANICAL LOAD. 
ING AND HAULAGE IN UNDER. 
GROUND MINES 


Editorial Advisory Board 
Cadwallader Evans, Jr., Chairman 


L. C. Campbell R. E. Kirk 
William J. ‘Coulter Eugene McAuliffe 
Lucien Eaton D. 

Elstad R. E. Salvati 
Andrew Fletcher 
G. Townsend Harley Clyde E. Weed 
c. T. Hayden L, E. Young, Editor 


HENRY L. DOHERTY MEMORIAL 
VOLUME ON PETROLEUM 
CONSERVATION 
Stuart E. Buckley, Chairman 


Cc. E. H. N. Marsh 

DeGolye Cc. V. Millikan ‘ 

R. E. Hardwicke A. C. Rubel 
. V. Vietti 


COMMITTEE ON NOMINATIONS FOR 
1950 INSTITUTE OFFICERS 
H. Y. Walker, Chairman 
Eric R. Jette Albert Mendelsohn 
District Section Representative 


Boston Roland D. Parks 
Philadelphia T. T. Watson 


New York Thomas G. Moore 
Cleveland Harley C. Lee 
Chicago T. S. Washburn 


R. W. Diamond 
Guv N. Biorke 
1. H. Steinmesch 
Southeast F. H, Rose 
North Texas C. B. Carpenter 


Fy 


Permian 
Basin W. L. Crothers 
11 Colorado Cc. E. Dobbin 
12 J. Rahilly 
1 - 
Ira B. Joralemon 


14 Southern 
California Henry T. Mudd 


Potash G. T. Harley 
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GENERAL MEMBERSHIP 


Cc. L. Barker, Chairman 
A. E. Stutter, 


Com: is composed of Chairmen of 
(Commeection and Division Committees 
on Membership) 


DIVISION MEMBERSHIP 
COMMITTEES 
MINERAL INDUSTRY EDUCATION 
Harry E. Krumiauf, Chairman 
he Faculty msors of Student 
and liated Student 
Societies 
MINERALS BENEFICIATION 
Nathaniel Arbiter, Chairman 


ames A. Barr, Jr. J. C. Lokken 
Norman L. Weiss 


COAL 
Curran Cavanagh, Chairman 
M. Schloss 
Fred O. See 
Glenn E. Sorenson 
Theodore S. Spicer 


Richard H. Swallow 
Harold B. Wickey 


INDUSTRIAL MINERALS 


Richard W. Smith, Chairman 
Olaf P. Jenkins, Vice-Chairman 


J. A. Barr, Sr. Henry Mulryan 
Oliver es Leslie C. Richards 
Edward L. Jasper L. Stuckey 


EXTRACTIVE METALLURGY 
Robert H. Ridgway, Chairman 


Michael B. Beaver Edward M. 

Paul C. Feddersen Tittmann 

W. H. Goodric'’ ph H. 

L. MeDaniel Waddington 

Richard A. Young 

Albert Stuart R. 
Zimmerley 


IRON AND STEEL 


Norman F. Tisdale, Chairman 
Worley P. Albaugh Vernon W. Jones 
Herbert J. Cutler Charles L. Labeka 
Charlies H. Dewey James Nagy 
Harold B. Emerick R. Earl Penrod 
Robert B. Freeman Harry A. Strain 
John J. Golden Bartow W. 

James W. Halley Van Voorhis, Jr. 
Carl F. Hoffman Clifton L. Wyman 


INSTITUTE OF METALS 
Reliand Sydney French, Chairman 

J. H. Scaff, Vice-Chairman 
Raymond A. Quadt 


Edward J. Boyle Stephen L. 

Robert Maynard St. Jean, Jr. 
Brick Clarence Arnold 

H. A. Caldwell Siebert 

Carl J. Christensen Dana W. Smith 

John E. Dorn John C. Southard 

D. Joseph W. 

Wilt Spretnak 

E. Stukel 

lovd Geo 
William E. Mahin Tinkler aa 
PETROLEUM 


Frank Briggs, Chairman 
Burton Atkinson, Vice-Chairman 
Joseph H. Barnett, Vice-Chairman 
Nicholas A. D’Arcy, Jr., Vice-Chairman 
Vincent J. Mercier, Vice-Chairman 
John K. Wright, Jr., Vice-Chairman 


JUNE 1949 AIME. 
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LOCAL SECTION 
MEMBERSHIP COMMITTEES 
ALASKA 


Harry B. Paimer, Chairman 
Donald J. Cook Bruce Ira Thomas 


ARIZONA 
Bruce B. Whitney, Chairman 
Alfred T. Barr Cc. H. Dunning 
James W. Byrkit Morris G. Fowler 
B. R. Coil Darrell Gardner 
Wm. P. Crawford Walter I. Garms 
Frank H. Day Allen D. Look 
Grover J. Duff L. L. McDaniel 
Martin L. 


BLACK HILLS 
William C. Campbell, Chairman 


J. P. Gries Arthur I. Johnson 
nald E. Moulds 


BOSTON 
Harrison |. Dixon, Chairman 
Roland Dane Parks 


CARLSBAD POTASH 
Jerry E. Tong, 
Walter J. Dean Kern Sm 
Charles L. Jones William 


CENTRAL APPALACHIAN 
Veleair C. Smith, Chairman 
George E. Keller 


CHICAGO 
William D. Millar, Jr., Chairman 
Clinton Harding Kurt Neustaetter 


E._K. Miller, Jr. Melvin E. Nickel 
John H. Reese 


CLEVELAND 
Edward J. Vargo, Chairman 
Joseph F. Cerness John J. Vanas, Jr. 


COLORADO 
David P. Hale, Jr., Chairman 


San Juan Subsection, Wallace G. Fetz- 
er; Climax Subsection, John P. Hamm 


COLUMBIA 
Frank M. McKinley, Chairman 
Rollin Farmin Howard P. 
Sherman 


CONNECTICUT 
George F. Donahue, Chairman 


DELTA 
Henry M. Krause, Chairman 
Ray Feirabend H. E. Metzger 
J. R. Gregson Elmer A. Olson. Jr. 
J. M. Henderson Chas. L. Powell, Jr. 
J. WwW E. R. 


Sheeler 
F. E. Simmions, Jr. 


DETROIT 
Robert N. Lynch, Chairman 


EL PASO METALS 
Thomas J. Woodside, Chairman 


A. A. Brown M. W. Hayward 
Hugh M. Craigie beg W. Long 
Philip Doerr 8S. McKay 


Paul A. Steeer 
A. Joseph Yaeger 


Earl W. Donahue 
John F. Graham 


GULF COAST 
Edgar A. Rassinier, Chairman 


H. 8S. Arendt R. P. Ridley 
Herman A. Otto Cliff W. Trice 


KANSAS 
P. T. Amstutz, Jr., Chairman 


Ellis L. Anders Waldo R. Warren 
Carl R. Temple P. A, Witherspoon 


LEHIGH VALLEY 
H. Richard Gauit, Chairman 
Thomas G. Foilkes John Landon 


C. Alvin Lorenson Rodda 
Edward Martinez John C 
A. F. Peterson Williams 


MID-CONTINENT 
R. H. Gwinner, Chairman 
Cc. B. Caruthers Herb A. Koch 


MINNESOTA 
James Wilbur Van Evera, Chairman 
Kenneth Duncan R. D. Longyear 
P. W. Kruse H. M. Pickering 


MONTANA 
Orrin D. Weeks, Chairman 
Earl M. Baldwin Roy H. Miller 
Emil S. Kramlick 
S. M. Lane Cc. T. Wise 
NEVADA 
H. B. Chessher, Sr., Chairman 


8. S. Arentz, Jr. Charles W. Davis 
Albert Silver 


NEW YORK 
James Douglas, Chairman 


NORTH PACIFIC 
Charities R. Low, Chairman 
W. A. G. Bennett Earl R. McMillan 


NORTH TEXAS 
Sam N. DeWitt, Chairman (Dallas) 
Geo. P. Nathman T. W. Nelson 
William 8B. Watson, Chairman 
(Fort Worth) 
William A. Pearce 
Henry K. Hollan, Jr., Chairman 
(Wichita Falls) 
Vassar E. Lewis E. C. Taylor, Jr. 


OHIO VALLEY 
Homer Faust, Chairman 


OKLAHOMA CITY 
David L. Dooley, Chairman 


Elmer G. Martin O. 
Hegglund 
OREGON 
George C. McBride, Chairman 
Fred D. Robert T. C 
Gustafson Rasmussen 
James M. Orr N. 8S. Wagner 


PENNSYLVANIA ANTHRACITE 
George A. Roos, Chairman 


W. W. Everett W. Julian Parton 
George H. Holland Walter B. Petzold 


PERMIAN BASIN 
Joe Chastain, Chairman 


PHILADELPHIA 
Raiph W. E. Leiter, Chairman 
A. B. Bagsar A. A. Bradd 


PITTSBURGH 
Norman F. Tisdale, Chairman 


ST. 
0. M. Bishop, Chairman 


George B. Clark Drew F. Holbrook 

7 P. Davidson K. A. Johnston 
M. Fine Walter D. Keller 

Cc. George Paul L. Richards 
. 8. Winches A. W: Schiechten 


W. W. Weigel 


SAN FRANCISCO 
J. Ward Downey, Chairman 
Walter L. Penick 
Bates K. Shedd 
Trescher 


ow F. 
N. A. Giponell George J. Young 
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SOUTHERN CALIFORNIA 
Nichaola A. D’Arcy, Jr., Chairman 


Edward D. Arthur Stuart H. Ingrah 
Richard H. Jahns 


1 M. Beeson 

Harold H. Block James A. 
Lawrence W. Kavenaugh 

Chasteen s. 
Irving Dagan te 
Seth K. Droubay L. A. Norman, Jr. 
Maynard K. Drury vo. B. Powell 
M. H. Evans A. Saylor 


Richard Stewart 
A. Carl Tutschulte 
Walter P. Wallace 
Rolla W. Walling 


Keith F. Finlay 

Albert W. Gentry 
Walter B. Hester 
William N. Hiatt 


SOUTHWESTERN NEW MEXICO 


John Gay Reilly, Chairman 


Walter J. Akert Donald R. Purvis 
John N. Faick Robert W. Shilling 


SOUTHWEST TEXAS 
Harold L. Moseley, Chairman 


Emil F. Bowers Cecil Warden 
Barrett E. Booth Kelley, Jr. 
Duval A. Edward J. Klaeger 
Davidson, Jr. Henry N. Lyle 
J. J. Neal D. Terry 
Henry Hoffman, Jr. Lee J. Thronson 
TRI-STATE 
Ernest Blessing, Chairman 
Edwin H. Cc. E. Stover 
Crabtree, Jr. Robert K. Stroup 


UPPER PENINSULA 
James S. Westwater, Chairman 
Thomas M. B. L. Knudsen 
Broderick 
UTAH 
James K. Richardson, Chairman 


WASHINGTON, D. C. 
Robert B. McCormick, Chairman 


WYOMING 
Glenn E. Sorenson, Chairman 
B. W. Brown F. H. Kratka, Jr. 


1949 
PROFESSIONAL DIVISIONS 
Officers and Committees 


Mineral Industry Education 
Established as 
January 1932 
Curtis L. Wilson, Chairman 
Allison Butts, Vice-Chairman 


J. Donald Forrester, Secretary-Trea- 
surer; Missouri School & 
*Metallurgy, Rolla, M 


EXECUTIVE COMMITTEE 
Until Feb., 1950 Until Feb., 1951 


L. L. Cothern Clark B. Carpenter 
Joseph Daniels William E. Milligan 
H. L. Walker Carl Tolman 
Until Feb., 1952 

R. T. G 

T. L. Joseph 

Ben H. 

J. R. Cudworth, Past-Chairman 


C. H. Behre, Jr. H.R 
P. B. Bucky H. H.Power 
PUBLICATIONS 


OFFICIAL AIME REPRESENTATIVES, 1949 


United Engineering Trustees, Inc. 

James L. Head, E. C. Meagher, '52 
Gail F. Moulton, 
The Engineering Foundation 

E. R. Kaiser, ’50 W. M. Peirce, '52 
E. C. Meagher, ex officio as Pres., UET 

Engineering Societies Library Board 
James Douglas, "52 Frank T. Sisco, ’50 


American Standards Association 


Mining Standardization Correlating 
Committee 


Otto Herres, H. H. Otto, 
B. m, "50 


Alternates 
E. W. Pullard,’49 Robert H. Morris, 50 
E. R. Price, 
National Research Council, Division of 
Engineering and Industrial Research 
Oliver C. Ralston 
John Fritz Medal Board of Award 
Louis S. Cates,’50 W.E. Wrather, '52 
Erle V. Daveler, 51 L. E. Young, '53 
Hoover Medal Board of Award 
Cadwallader Evans, Jr., "52 
Paul D. Merica, ‘54 
Seott Turner, '50, Chairman 
Alfred Noble Prize Committee 
J. R. Van Pelt, Jr., '50 
Joseph A. Hol Safety Association 
S. H. Ash, 
Joint Committee on National Defense 
W. B. Plank 


Washington Award Commission 
Howard A. Herder, '51 
Hjalmar W. Johnson, ’50 
Engineers Joint Council of 
Founder Societies 
H. G. Moulton E. H. Robie 
tt Turner 
James L. Head, Alternate 
Engineers’ Council for Professionaj 
Development 
J. R. Cudworth, '50 C. E. Lawall, "51 
Curtis L. Wilson, '52 
Research Procedure Committee of 
The Engineering Foundation 
E. R. Kaiser 
Joint Committee on Engineering 
Societies Monographs 
Reed W. Hyde, °49 
E. M. Wise, ex officio as Chairman 
Technical Publications Committee 
Engineering Index, Inc. 
Landon F. Strobel, 
Inter-American Engineering 
Co-operation 
George A. Easley Joseph P. McCulloch 
Joint Committee on the Economic 
Status of the Engineer 
Francis B. Foley Scott Turner 
L. Young 
Council. American Association for the 
Advancement of Science 


Cc. H. Mathewson 
Donald H. McLaughlin 


MINING COURSES 
M. I. Signer, Chairman 


A. E. Adami W. R. Chedsey 
George T. Bator J. Murray Riddell 


METALLURGY COURSES 
J. P. Spielman, Chairman 


T. G. Chapman A. W. Schiechten 
W. E. Milligan R. Schuhmann, Jr. 


GEOLOGY COURSES 
Norman §S. Hinchey, Chairman 


T. G. Andrews B. S. Butler 
C. H. Behre, Jr. John J. O'Neill 


MINERAL DRESSING COURSES 
Joseph Chairman 
S. R. B. Cooke Gordon Poole 
N. H. Manderfield 8 Cutler Shepard 


GEOPHYSICS COURSES 
Clyde H. Wilson, Chairman 
C. A. Heiland J. B. Macelwane- 
Sherwin F. Kelly H. W. Straley 


PETROLEUM ENGINEERING 
COURSES 
Robert L. Whiting, Chairman 


Wilber F. Cloud Donald L. Katz 
F. A. Graser J. I. Laudermilk 


INDUSTRIAL MINERALS AND 
CERAMICS COURSES 
Paul G. Herold, Chairman 
Cc. 8. Crouse A. M. Short 
A. F. Greaves- J.L. 
Walker 


LATIN-AMERICAN EDUCATION 
RELATIONS 
Edward Steidle, Chairman 
John C. Fox Francis A. Thomson 
E. M. Thomas Cc. W. Wright 


MINERAL ECONOMICS EDUCATION 


Francis A. 


EMPLOYMENT CONDITIONS FOR 
MINERAL ENGINEERS 
Ben H. Parker, Chairman 
G. J. Barker M. A. Hunter 
Cc. J. Christensen R. Z. Williams 


VOCATIONAL GUIDANCE 
Charles H. Behre, Jr., Chairman 


M. D. Cooper H. E. McKinstry 
c. D. Hulin C. H. Steele 
M. W.-T. Thom 
hn W. Vanderwilt 
COLLEGE ENROL’ 
STATISTICS 


W. B. Plank, Chairman 


REGISTRATION OF ENGINEERS 
H. E. Nold, Chairman 
Cc. S. Crouse E. A. Holbrook 


MEMBERSHIP 
Harry E. Krumiauf, Chairman 


The Faculty Spoasere of Student Chap- 
ters and Affiliated Student Societies 


NOMINATIONS 
J. R. Cudworth, Chairman 
A. C. Callen E. A. Holbrook 
A. — Francis A. Thomson 
er 


Mineral Economics Division 


Established as a Division 
December 15, 1948 

Eimer W. Pehrson, Chairman 
Charles H. Behre, Jr., Vice-Chairman 

W. H. Voskuil, Vice-Chairman 

Felix E. Wormser, Vice-Chairman 
Richard J. Lund, Secretary-Treasurer; 
Battelle Memorial Institute, 505 King 
Ave., Columbus 1, Ohio 


EXECUTIVE COMMITTEE 


Until Feb., 1950 Until Feb., 1951 

Joseph A. Corgan ag P. Jenkins 

John D. Gill W. M. Myers 

George A. Lamb H. J. Struth 
Until Feb., 1952 


PAPERS AND PROGRAM 
Charles H. Behre, Jr. 


NOMINATING 
Elmer W. Pehrson 
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OFFICERS AND COMMITTEES OF LOCAL SECTIONS OF THE AIME 


ALASKA 
Established Nov. 19, 1947 


Regular meetings last Monday of 
each month 


Ted C. Mathews, Chairman 
Patrick H. O'Neill, Vice-Chairman 


B. Norris, Secretary-Treasurer 


Box 643, Fairbanks, Alaska 


District Vice-Chairmen 
Leonard M. Berlin, Juneau, Alaska 


Harel Strandberg, Anchorage, 


Frank E. Love, Nome, Alas 


ARIZONA 
Established July 10, 1915 
P. D. |. Honeyman, Chairman 


Albert Mendelsohn, First Vice-Chairman 
Wesley P. Goss, Second Vice-Chairman 


Ben G. Messer, Secre 
Miami Copper Co., Miami, Ariz. 


Directors 
L M. Barker W. C. Lawson 
AT. Barr D. E. Mills 
T. G. Chapman J. B. Pullen 
B. R. Coil J. A. Richards 
of J. S. Coupal N. 
E. R. Dickie H.C. W 
G. J. Duff J.A. Wilcox 
D, Gardner R. IL. Williams 
W. L Garms Cc. F. Willis 
H. M. Lavender William Wraith, Jr. 
Past Chairmen 
R. W. Hughes Cc. R. Kuzell 
R. W. Thomas 


Morenci Subsection 
D. H. Orr, Jr., Chairman 


tary-Treasurer 


Wiliam M. Koitun, Program Chairman 


Ajo Subsection 
W. H. Keener, Chairman 
George Bell, Vice-Chairman 


Richard Rhoades, Secretary-Treasurer 


BLACK HILLS 
Established Dec. 18, 1936 
Fremont F. Clarke, Chairman 
John P. Gries, First Vice-Chairman 


dames O. Harder, Second Vice-Chairman 


Box 846, Lead, S 
Executive 


Albro C. Ayres Clarence N. Krav 
Renaldo Gallo A. B. Needham 7 


BOSTON 
n Established Sept. 20, 1911 


Meets first Monday of each month, 
October to May, inclusive 


r; George P. Swift, Chairman 
gz Hugh E. McKinstry, Vice-Chairman 
Roland D. -Treasurer; 
usetts Institute of Technology, 
Cambridge, Mass. 
Daniel Cushing R. Maurice Tripp 
CARLSBAD POTASH 
Established Sept. 18, 1946 


Meets third Thursday in the month 
except July and Au 


E. A. Schoeld, Freeram ‘Committee 


JUNE 1949 AIME 


1949 


CENTRAL APPALACHIAN 
Established Oct. 17, 1940 
R. H. Allen, Chairman 
L. W. Huber, Vice-Chairman 
W. A. Staab, Vice-Chairman 
J. T. Parker, Vice-Chairman 
Charles T. Holland, Secretary- 
urer, Box 836, Blacksburg, Va. 


Executive Committee 


J. A. Hagy B. H. Mott 
G. R. Higinbotham E. H. Shriver 
R. Spindler 
CHICAGO 


Established Feb. 26, 1914 
Holds dinner meeting first Wednesday 
of each month. October to May, inclu- 
sive, at the Chicago Bar Association 
T. S. Washburn, cry 
H. A. White, Secretary- bo er: 


Smeeth-Harwood Co., 2401 cermak 
Road, Ch icago 8, m 
Past Chairmen 
J. E, Drapeau, Jr. H. A. Herder 
G. P. Halliwell H. W. Johnson 
A. 8. Nichols 
W. E. Brewster, National Director 
Wilfred Sykes, Past National Director 


W. R. Wright, Past National Director 
W. E. Mahin, Program 
W. D. Millar, Jr., Membership 
M. E. Nickel, News Correspondent 
H. M. St. John, Student Relations 
J. H. Reese, Reception 
R. Tietig, Personnel Service 


Representative 
Cc. M. Squarcy, Junior Engineer 
Representative 
D. L. Colwell, Inter-Society 
Representative 


R. E. Laub, Inter-Society Representative 
W. J. King, Inter-Society Alternate 
F. L. Riddell, Inter-Society Alternate 


Members.-at-Large 


G. J. Barker P. R. Nichols 

P. A. Beck B. R. Queneau 
Martin Dietl W. P. Ruemmler 
G. M. Enos H. L. Walker 
W. S. Lienhardt Otto Zmeskal 


CLEVELAND 
Established April 17, 1936 


John M. Kiefer, Jr., Chairman 
Joseph F. Cerness, First Vice-Chairman 
Charles H. Junge, Second Vice-Chairman 


Charlies H. Junge, Secretary; 
Graphite eens Co., 17000 St. Clair 
Ave., Cleveland 10, Onis 


Reidar Eriksen, Treasurer 


Committee Chairmen 
E. J. Vargo, Membership 
K. H. Donaldson, Program 
V. F. Kalan, Publicity 
J. R. Hamilton, Registration 


COLORADO 
Established May~23, 1913 
M. |. Signer, Chairman 
J. W. Vanderwilt, Vice-Chairman 
J. Paul Harrison, Secretary- 
607 First National Bank Bldg., 
Denver 2, Colo. 


Directors 
E. D. Dickerman’ E, J. Eisenach 
Cc. E. Dobbin (Climax Subsection) 


M. H. Robineau 
H. 8S. Worcester (San Juan Subsection) 
San Juan Subsection 
M. G. McGrath, Chairman 
W. G. Fetzer, Secretary-Treasurer, 
P. O. Box 270, Grand Junction, Colo. 


Climax Subsection 
A. G. Gunnelison, Chairman 
L. H. Glanville, Vice-Chairman 
John Mullen, Treasurer 
John P. Hamm, Secretary, 
Leadville, Colo. 


COLUMBIA 
Established Nov. 24, 19i1 
Holds meeting first Friday of each 
month except July and August 
c. Y. Garber, Chairman 
Howard P. Sherman, Vice-Chairman 
Joseph A. Mecia, Vice-Chairman 
L. A. Grant, Secretary-Treasurer; Day 
Mining Co., Box 795, Wallace, Idaho 
Harold Kirkemo, Assistant Secretary, 
466 Peyton Bidg., Spokane 8, Wash. 
Snake River Subsection 
Joseph A. Mecia, Vice-Chairman 
Harry W. Marsh, Assistant Secretary; 
Idaho Min. Assoc., 304 Capitol Securities 
Bldg., Boise, Idaho 


CONNECTICUT 
Established Sept. 30, 1947 
Lewis E. Thelin, Chairman 

Lioyd E. Raymond, Vice-Chairman 
David H. Thompson, Secretary- 
Treasurer, The American Brass 
Company, Waterbury 88, Conn. 

Committee Chairmen 
George F. Donahue, Membership 
Theodore H. Carison, Publicity 
Director-at-Large 
Walter R. Hibbard, Jr. 


DELTA 
Established Sept. 18, 1946 } 
Meets second Tuesday in the month 
except during June, July, and August 
N. Dunlap, Chairman 
H. M. Krause, Jr., Vice-Chairman 
Charlies R. 
Fred E. Simmons, Jr., 
Treasurer; 1901 Bank Bldg. 
New Orleans, La. 
J. P. Ratliff, Jr., Journal Secretary 
Di 
H. C. Petersen 
E. G. Robinson 
J. C. Posgate 


Chairmen of Committees 


A. Claudet 
B. C. Craft 


P. J. Ratliff, Publicity 
Cc. R. Blomberg, House 
Dan Payne, Co-Chairman, Publicity 
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DETROIT 
Established Feb. 18, 1936 
Holds meetings third Monday of each 
month, except June through September 
R. F. Mather, Chairman 
F. P. Bens, Vice-Chairman 
R. D. Chapman, Secretary, 
Div., on Corp., 12800 Oakland 
Ave., Detroit, Mich. 
8. B. Beckwith, Treasurer 


Executive Committee 


E. Jr. Cc. L. Raynor 
R. N. Lyn C. A. Siebert 
w. B. Wererrin . E. W. Weinman 


EAST TEXAS 
Established April 18, 1940 


Meets the second Tuesday of each 
month except July, August, 
and September 


J. M. Shepherd, Chairman 
W. W. Leonard, Vice-Chairman 


R. F. Beery, Jr., Secretary-Treasurer 
Shell Oil Co., Inc., 
Box 32, Kilgore, Texas 
John S. Bell W. M. Jones 
L. H. Dial P. J. Lehnhard 
R. M. Hess R. T. Wade 


EL PASO METALS 
Established March 25, 1927 
Meets d Wednesday each month 
Edward M. Tittman, Chairman 
J. E. Despins, Vice-Chairman 
Guy €E. Ingersoll, Secretary-Treasurer 
Texas College of Mines and Metallurgy, 
El Paso, Texas 


Directors 
A. F. Horle 
William W. Long 


Perry A. Alers 

A. A. Collins 

Hugh M. Craigie R. J. Mellen 

E. W. Donahue W. S. Strain 
T. J. Woodside 


GULF COAST 
Established Dec. 13, 1935 

Meets third Tuesday of each month 

Owen F. Thornton, Chairman 
Ernest B. Miller, Jr., Vice-Chairman 

A. B. Stevens, Vice-Chairman 

George Fancher, Vice-Chairman 
Everett F. Stratton, Secretary-Trea- 
surer, P. O. Box 2175, Houston, Texas 


Board of Directors 


Fred M. Nelson, "50 G. "50 


George L. Nye, V. Uhrig, 
Ralph W. Wilson, 


KANSAS 
Established Nov. 17, 1948 
V. J. Mercier, Chairman 
District Vice-Chairmen 
W. C. Pearson, Western Kansas 
Gene E. Abernathy, Eastern Kansas 
Daniel H. Sholtus, Wichita 
W. F. Brown, Secretary-Treasurer 
Dowell Incorporated, 519 Union 
Bank Bldg., Wichita 2, 


Directors 


TP. Ametute, Jr. Cc. F. Weinaug 
W. R. Warren P. A. Witherspoon, Jr. 


LEHIGH VALLEY 
Established March 27, 1924 
F. E. Van Voris. Chairman 
R. T. Gallagher, Vice-Chairman 
B. J. Larpenteur, Vice-Chairman 
R. B. Hoy, Vice-Chairman 
Cc. G. Tebeiman, Jr., Secretary 
Bethlehem Steel Co., Mining Dept., 
Bethlehem, Pa. 
Robert G. Peets, Treasurer 


W. S. Cumings M. L. Fuller 
J. W. Guider 


Committee Chairmen 
W. S. Cumings, Program 
M. L. Fuller, 
H. R. Gault, Membership 
J. F. Libsch, Student Prize Award 
‘D. Lyons, Hospitality 
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MID-CONTINENT 
Established Dec. 28, 1917 
John P. Hammond, Chairman 
J. Murray Walker, First Vice-Chairman 
R. H. Gwinner, Second Vice-Chairman 


Roy H. Smith, Secretary-Treasurer 
Stanolind Oil and Gas Co., Box 591, 
Tulsa, Okla. 


Executive Board 


Cc. B. Carruthers Jack Tarner 
Meyer H. Dubrow A. W. Walker 
J. M. Wanenmacher 
Ex officiis 
R. C. Earlougher P. P. Manion, Jr. 
P. E. Fitzgerald Cc. V. Millikan 
MINNESOTA 


Established Dec. 20, 1920 
Annual meeting second week in 
January; other meetings as 
called by the officers 
W. L. Taylor, Chairman 
Grover E. LeVeque, Vice-Chairman 
Charles J. O’Connell, Secretary-Trea- 
surer, 400 West Franklin Ave., 
Minneapolis 5, Minn. 


Directors 


R. H. B. Jones Edward P. Scallon 
Richard W. Whitney 


MONTANA 
Established Oct. 17, 1913 
Meetings held the fourth Tuesday of the 
month except July and August 
J. Hollis McCrea, Chairman 
J. P. Spielman, Vice-Chairman 
F. W. Strandberg, Secretary-Treasurer 
Anaconda Copper Mining Co., 
421 Hennessy Bidg., Butte, Mont. 
Executive Committee 
Kuno Doerr, Jr. E. C. Van Blarcom 


Committee Chairmen 
George T. Hanson, Program 
Orrin D. Weeks, Membership 
H. G. Satterthwaite, Nominating 
Morean H. Wright, Student Awards 
William J. Waylett, Professional 
Development of Junior Members 


NEVADA 
Established Jan. 21, 1916 
Louis D. Gordon, Chairman 
John C. Kinnear, Jr., Vice-Chairman 
Andrew C. Rice, Secretary-Treasurer 
Box D, University Station, Reno, Nev. 


Executive Committee 
Norman T. Annett J. Ray Coulter 
Samuel S. Arentz, Jr. John M. Heizer 
Reno Branch 
Luncheon meeting the first Thursday 
of every month 
Albin C. Johnson, Chairman 
Albert Silver, Secretary-Treasurer 


NEW YORK 
Established May 19, 1911 
Holds monthly meetings except Febru- 
ary, June, Julv, August, and September 
Theodore B. C Iman, Chairman 
Thomas G. Moore, Past Chairman 
Robert H. Ridgway, Vice-Chairman 
John T. Sherman, Vice-Chairman 
P. Malozemoff, Secretary; Newmont 
Mining Corp., 14 Wall St., 
New York 5, N. Y. 
Fred D. Kay, Treasurer 


Committeemen 
James Douglas Louis C. Raymond 
Richard D. Mollison James S. Vanick 
Philip D. Wilson 


NORTH PACIFIC 
Established March 28, 1913 
Meets third Thursday of each month 
except June, July, and August 
Kenneth H. Anderson, Chairman 
Lee W. Heinzinger, Vice-Chairman 
W. C. Leonard, Secretary-Treasurer 
Tacoma Smelter, American Smelting & 


Refining Co., 3709 No. Madison, 
Tacoma, Wash. 


Drury A. Pifer, Corresponding Secretary 
Counselors 
Paul T. Benson E. R. MeMi 
H. F. Yancey 


NORTH TEXAS 
Established May 16, 1945 
Don L. Harlan, Chairman 
J. A. oom Vice-Chairman 
r Fort Worth 
J. A. Crichton, Vice-Chairman for Dallas 
. E. Curtis, Vice-C 
for Wichita Falls 
S. _V. McCollum, Secretary-Treasurer 
Continental Oil Co., 1710 Fair Bldg. 
Fort Worth 2, Texas 


Directors 
D. H. Clewell Tom E. M 
W. J. Jackson W. D. Sorrelis 
B. BE. Merkt, Jr. L. P. Wharton 


OHIO VALLEY 
Established Nov. 19, 1920 
William A. Mueller, Chairman 
Donald W. Scott, Vice-Chairman 
John H. Melvin, Secretary-Treasurer 
State Geologist. Ohio Geological Survey, 
Ohio State University, Columbus 10, Ohio 
Frank G. Smith, Assistant Secretary- 
Treasurer 
Chairmen 
R. J. Lund, Program Committee 
Homer Faust, Membership Committee 
Cloyd A. Snavely, Representative, 
Junior Members 
John A. Schumann, Representative, 
Student Associates 
Clyde Williams, National Director 


Area Representatives 
Cc. E. Bales, Portsmouth 
W. B. Berwald, Findlay 
Robert S. Bower, Cincinnati 
R. FonDersmith, “Middletown 
George R. Long, Dayton 
James D. Reilly, St. Clairsville 
A. Tuttle. Indianapolis 
. M. Woodw: Newark 


OKLAHOMA CITY 
Established Feb. 18, 1947 
Lincoln F. Elkins, Chairman 
Nico Van Wingen, Vice-Chairman 
Henry Waszkowski, Vice-Chairman 
Martin O. Hegglund, Seeretary-Trea- 
surer, Stanolind Oil and Gas Co., 

First National Bidg., 
Oklahoma City, Okla. 
Directors 
R. J. Beams C. E. Clason H. R. Sells 


OREGON 
Established April 22, 1921 
Meets third Fridav of each month 
except during summer months 
H. M. Dole, Chairman 
J. H. Leary, Vice-Chairman 
S. H. Lorain, Past Chairman 
A. O. Bartell, Secretary-Treasurer, 
321 Platt Bldg., Portland 5, Oregon 
Executive Committee 
D. H. Beetem F. W. Libbey 


PENNSYLVANIA-ANTHRACITE 
Established Feb. 17, 1914 
Spring meeting, April; Summer meeting, 
July: Fall meeting, October 
Meetings held alternately at Pottsville, 
Hazleton, Wilkes-Barre, and Scranton 
William B. Geise, Chairman 
George A. Roos, Vice-Chairman 
Floyd S. Sanders, Secretary-Treasurer, 
Goodman Mfg. Co., P. O. Box 151, 
35 New Bennett St., Wilkes-Barre, 


Executive Committee 


H. J. Connolly F. E. Kudlich 
W. E. Conroy H. D, Kynor 

Cc. Evans, Jr. Earl W. Lamb 
C. A. Gibbons J. C. MacCartney 
Edward Griffith H. W. Montz 

D. C. Helms Ww. Cc. 


Wilmot Jones 
Joseph E. Ward 
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PERMIAN BASIN 
Established Nov. 14, 1945 


Thomas C. Frick, Chairman 
Ww. N. Little, Vice-Chairman 
|. Moore, Secretary-Treasurer; Dist. 
Sowell, Incorporated, Box 1858, 
Midland, Texas 
Directors 
Atkinson W.N. Little 
L. Crothers Lamar Lunt 
Thomas C. Frick J. M. Moore 


Committee Chairmen 
W. N. Little, Program 
Joe Chastain, Membership 
PHILADELPHIA 
Re-established March 15, 1944 
F. B. Foley, Chairman 
A. W. Grosvenor, Vice-Chairman 
A. L. Jamieson, Vice-Chairman 
F. J. Dunkerley, Secretary-Treasurer 
Engineering Bldg., University of 
Pennsylvania, Philadelphia 4, 
Executive Committee 


c. B. Allen D. Finch 
Brick Leopold Pessel 


PITTSBURGH 
Established 1920 
H. P. Greenwald, Chairman 
G. J. Donaldson, Vice-Chairman 
H. Enzian, Secretary; Jones & 


Laughlin Steel Corp., 40 Longworth St., 
Pittsburgh 7, Pa. 


R. F. Miller, Treasurer 


W. L. Affelder M. F. Hawkes 
N. G. Alford K. C. Heald 
M. D. Cooper E. H. Hollingsworth 
D. H. Davis S. Krickovic 
G. H. Deike E. Leatham 
G. R. Fitterer J.T. Ryan, Jr. 
M. G. Gulley R. E. Sherrill 

J. C. Sullivan 

Ex officiis 

H. N. Eavenson S. A. Taylor 


Open-Hearth Committee 
A. W. Thornton, Chairman 
J. F. Pollack, Secretary 
H. E. Johnson, Executive Secretary 
C. Longenecker, Treasurer 


ST. LouIS 
Established May 23, 1913 
Herbert A. Franke, Chairman 
H. A. Neustaedter, Vice-Chairman 
N. A. Stockett. Past Chairman 


Fred J. Meek, Secretary-Treasurer 
American Zinc Co. of Illinois, Box 495, 
East St. Louis, Tl. 


K. A. Phillips, Program Chairman 


Executive Committee 


W. R. Chedsey John D. Kerr, Jr. 
J.C. George Gill Montgomery 
Curtis L. Wilson 


SAN FRANCISCO 
Established June 26, 1913 
Meets second Wednesday of each month 
except June, July, and August: and 
Monday noons for luncheon 
at Engineers’ Club 
Edward H. Wisser, Chairman 
Philip R. Bradley, Jr., Vice-Chairman 
George H. Playter, Secretary-Treasurer 
Room 820, 405 Montgomery St., 
San Francisco 4, Calif. 
Executive Committee 
P. R. Bradley, Jr. W. W. Mein, Jr. 
W. C. Collyer Walter L. Penick 
Cariton D. Hulin George H. Playter 
Edward H. Wisser 
Committee Chairmen 
Philip R. Bradley, Jr., Program 
J, Ward Downey, Membership 
Frank S. Hudson, Student Contact 
Olaf P. Jenkins, Student Prize 
Lawrence B. Wright, Licensing 


JUNE 1949 AIME 


Granville S. Borden, Entertainment 
and Hospitality 
Worthen Bradley, Advisory 
Ira B. Joralemon, Nominating 
William C. Collyer, Finance 
Edward W. Bullard, Advisory 


Committee of Engineering Societies 
Personnel Service 


Philip R. Bradley, Jr., Legislative 
Edward H. Wisser, Engineering Council 


SOUTHEAST 
Established Feb. 18, 1936 
J. C. Gray, Chairman 
William C. Chase, First Vice-Chairman 
W. C. McKenzie, Second Vice-Chairman 
Reynold Q. Shotts, Secretary-Treasurer 
niversity of Alabama, Box 1526, 
University, Ala. 
Committee Chairmen 
E. H. Rose, Program 
Howard Cobb, Membership 
and Attendance 
G. T. Bator, Student Relations and the 
Development of Junior Engineers 


Ronald F. Crawford, Publicity 
Neil O. Johnson, Entertainment 
Francis H. Crockard, Student Counselor 


SOUTHERN CALIFORNIA 
Established May 23, 1913 
Harold J. Clark, Chairman 


H. B. Menardi, Vice-Chairman 
for Mining 


Paul Andrews, Vice-Chairman 
for Petroleum 
L. W. Chasteen, Secretary, 617 W. 7th 
St., Los Angeles 14, Calif. 
W. H. Geis, Treasurer 


Thomas Clements John R. McMillan 
Richard H. Jahns George W. Nilsson 
Cc. T. McClure Dean H. Sheldon 
Stuart H. Ingram, Past Chairman 
Committee Chairmen 
Nicholas A. D’Arcy, Jr., Membership 
Paul Andrews, Programs 
and Legislative 
Richard L. Parsons, Student Awards 
Stuart H. Ingram, Nominating 


leo Schapiro, Institute of Metals and 
Iron and Steel Divisions 


Ian Campbell, Industrial Minerals 
ivisicu 


George D. Dub, Mining and Milling 


Junior Division 
c. T. McClure, Chairman 
I. I. Dagan, Secretary 
R. L. Parsons, Treasurer 
Committee Chairmen 
N. M. Norman, Program 
I. A. Marshall, Membership 


SOUTHWEST TEXAS 
Established Sept. 18, 1946 
Meets third Wednesday of each month 
except July and August 
Raoul J. Bethancourt, Chairman 
Charles Snelson, Vice-Chairman 
R. C. Granberry, Secretary-Treasurer 
Humble Oil and Refining Co., 
Corpus Christi, Texas 


Directors 
Barrett Booth H. N. Lyle 
Emil Bowers Harold Moseley 
Lee J. Thronson 
SOUTHWESTERN NEW MEXICO 
Established Sept. 30, 1947 
Holds meeting second Wednesdav in 
January, April, July, and October 
Joseph H. Taylor, Chairman 
F. C. Green, First Vice-Chairman 
Leo H. Duriez, Second Vice-Chairman 
W. R. Storms, Secretary-Treasurer 
U. S. Bureau of Mines, Silver City, 
Mex. 
Committee Chairmen 
John G. Reilly, Membership 
T. A. Snedden, Program 


TRI-STATE 
Established May 27, 1926 
Harold A. Krueger, Chairman 
Ernest Blessing, Vice-Chairman 
J. C. Stipe, Secretary-Treasurer, 715 E. 
15th St., Baxter Springs, Kans. 
Directors 
oO. W. Bilharz Elmer Isern 
Ernest Blessing H, A. Krueger 
F. J. Cuddeback J. P. en 
G. M. Fowler c. Y. Thomas 
Committee Chairmen 
8S. S. Clarke, Program 
Ernest Blessing, Membership 
UPPER PENINSULA 
Established Oct. 25, 1918 
H. S. Peterson, Chairman 
Roy W. Drier, Secretary-Treasurer 
Michigan College of Mining and 
Technology, Houghton, Mich. 
Executive Committee 


c. W. Allen W. E. Seppansen 

E. C. Carison D. L. Watts 
Advisory Committee 

Roy W. Drier Grover Holt 


UTAH SECTION 
Established April 24, 1914 
Meets third Thursday of each month, 
September to May inclusive 
J. C. Landenberger, Jr., Chairman 
Byron E. Grant, Vice-Chairman 
R. C. Cole, Secretary-Treasurer 
Pacific National Life Bidg., 
Salt Lake City 1, Utah 
Executive Committee 
M. B. Kildale 
W. G. Rouillard 
Committee Chairmen 
J. K. Richardson, Membership 
Burt B. Brewster, Publicity 
Robert S. Lewis, Student Affairs 
K. Fritz Bilers, Entertainment 


WASHINGTON, D. C. 
Established June 21, 1918 
Meets generally third Tuesday of the 
month except June, July, and August 
Thomas H. Miller, Chairman 
E. W, Ellis, Vice-Chairman for D. C. 
Cc. J. Williamson, Vice-Chairman for Md. 
Ee. J. Lintner, Vice-Chairman for Va. 
Forrest T. Moyer, Secretary-Treasurer 
Uv. S. Bureau of Mines. Room 1364, 
Interior Bldg., Washington 25, D. C. 
Executive Committee 
John J. Croston H. I. Smith 
Member of President’s Advisory 
Council 
S. Power Warren 


WYOMING 
Established May 16, 1930 
Regular meetings held quarterly; - 
cial meetings when speakers available. 
1. M, Charles, Chairman 
M. M. Fidlar, Vice-Chairman 
J. H. Quay, Secretary-Treasurer; Union 
Pacifie Coal Co., Rock Springs, Wyo. 
Executive Committee 
1. N. Bayless Cc. C. Boley 
H. C. Livingston 
FOREIGN 
PHILIPPINE 
Established Jan. 20, 1939 
Homer A. Mann, Chairman 
M. M. Aycardo, Jr., Secretary-Treasurer; 
Internationa! Engineering Corp., Soriano 
Bldg., 3rd Fi., Manila, P. I. 
Finance Committee 
Steve Arick G. J. Scheuermann 
Program Committee 
N. A. Fittinghoff G. D, Strachan 
RIC DE JANEIRO (BRAZIL) 
Established April 17, 1936 
&. de Macedo Soares S., Chairman 
A. 1. de Oliveira, Vice-Chairman 
A. H. Garner, Vice-Chairman 
Syivio Froes Abreu, Secretary; Instituto 
Nacional de Tecnologia, Rio de 
Janeiro, Brazil 
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Officers 


Affiliated Student Societies of the AIME 


UNIVERSITY OF ALABAMA 
University, Ala. 
Mining and Metallurgical Society* 
G. L. Roberts, President 
T. G. Patterson, Vice-President 
B. B. Copeland, Treasurer 
K. F. Stark, Secretary 
G. T. Bator, Faculty Sponsor 
F. H. Crockard, Counselor 


UNIVERSITY OF ALASKA 
College, Alaska 
Mining Society* 

Daniel A. Jones, President 
Robert L. Marovelli, Vice-President 
Edward T. Barnes, Secretary 
Frederick F. Kohis, Treasurer 
Earl H. Beinstline, Faculty Sponsor 
Alan Probert, Counselor 


UNIVERSITY OF ARIZONA 
Tucson, Ariz. 
Miners’ Society* 

Robert |. Williams, President 
Edwin B. King, Vice-President 
Robert O. Wenzel, Treasurer 
Arthur E. Himebaugh, Secretary 
J. B. Cunningham, Faculty Sponsor 
Edward Holderness, Counselor 


BIRMINGHAM-SOUTHERN COLLEGE 


Birmingham, Ala. 


The Student Cootagtedt Society of 
Birmingham-Southern College* 


Edward E. Walters, President 
Audley W. Downs, Vice-President 
Howard H. Odiorne, Secretary 
Abner B. Chapman, Treasurer 
J. Allen Tower, Faculty Sponsor 


UNIVERSITY OF CALIFORNIA 
Berkeley, Calif. 

Mining Association 
Albert L. McGuinness, President 
Val L. Freeman, Vice-President 

Ronald N. Skow, Secretary 
Crawford E. Jacobsen, Treasurer 
Bernard York, Faculty Sponsor 

B. A. Gould, Counselor 


OF CALIFORNIA 
T LOS ANGELES 


‘te Angeles, Calif. 
Student Chapter, AIME* 
(Inactive) 


CARNEGIE INSTITUTE OF 
TECHNOLOGY 
Pittsburgh, Pa. 

The Metals Society 
Lee Horigan, President 
John Brown, Jr., Vice-President 
and Treasurer 
Michael Stavish, Secretary 
Malicoim F. Hawkes, Faculty Sponsor 
Max Gensamer, Counselor 
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CASE INSTITUTE OF TECHNOLOGY 
Cleveland, Ohio 

Pick and Shovel Club* 
D. E. Tanger, President 

F. F. Awig, Vice-President 

R. C. Hall, Secretary 
R. T. Bubsey, Treasurer 
Gerald M. Cover, Faculty Sponsor 


UNIVERSIDAD CENTRAL 
Caracas, Venezuela 
Asociacion Venezolana de Estudiantes 
de Geologia* 

(Inactive) 


THE CITY COLLEGE OF NEW YORK 
New York, N. Y. 

Cc. C. N. Y. Student Chapter, AIME* 
Herbert Feely, President 
Jack Tarr, Vice-President 
Julius Jettelson, Secretary 
Seymour Feerst, Treasurer 

Daniel T. O’Connell, Faculty Sponsor 

Benjamin F. Tillson, Counselor 


COLORADO SCHOOL OF MINES 
Golden, Colo. 
Student Chapter of AIME* 
Herman Knight, President 
Bill Baker, Secretary-Treasurer 
Harvey W. Smith, Public Relations 
Chairman 


T. A. Hoy, Director 
Jack Dempsey, Director 
George W. Heim, Faculty Sponsor 


COLUMBIA UNIVERSITY 
New York, N. Y. 


Thomas Thornton Read Society of the 
Columbia School of Mines* 


Robert C. Musa, President 
George R. Prescott, Vice-President 
Joseph F. Brown, Treasurer 
Roger D. Lopez, Secretary 
Seymour Goodman, Corresponding 
Secretary 


John C. Fox, Faculty Sponsor 
Felix E. Wormser, Counselor 


CORNELL UNIVERSITY 
Ithaca, N. Y. 

Cornell Metallurgical Society 
Nicholas Sheptak, President 
Albert H. Moon, Vice-President 
Paul L. Widener, Secretary 
Robert L. Folkman, Treasurer 
J. L. Gregg, Faculty Sponsor 
Stanley M. Norwood, Counselor 


Chapte 


DRURY COLLEGE * 
Springfield, Mo. 
Drury Rockhounds* 
(Inactive) 


ESCUELA NACIONAL DE 
INGENIEROS 


Mexico, D. F. 
Sociedad Andres M. Del Rio* 
(Inactive) 


UNIVERSITY OF IDAHO 
Moscow, Idaho 
Associated Miners 
Phillip A. Beeson, President 
Donald Gordon Dahle, Vice-President 


Arthur Guy Randall, Secretary- 
Treasurer 


Joseph Newton, Faculty Sponsor 


UNIVERSITY OF ILLINOIS 
Urbana, 

Mineral Industries Society 
Edward John Sperr, President 
Norbert B. Blaski, Vice-President 
Beverly Solliday, Secretary 
Verle B. Utzinger, Treasurer 
William R. Chedsey, Faculty Sponsor 
Paul R. Nichols, Counselor 


ILLINOIS INSTITUTE OF 
TECHNOLOGY 


Chicago, Ill. 

Student Chapter, AIME* 
Edward Murway, President 
Robert Domagala, Secretary 
O. Zmeskal, Faculty Sponsor 

L. F. Mondolfo, Faculty Sponsor 
T. S. Washburn, Counselor 


IOWA STATE COLLEGE 
Ames, Iowa 
Iowa State Mining Society* 
Lloyd Daniel Brownson, President 
Donald D. Turner, Vice-President 
Edgar A. Perry, Secretary-Treasurer 
Charles O. Frush, Faculty Sponsor 


UNIVERSITY OF KANSAS 
Lawrence, Kansas 


' University of Kansas Student Chapter 
AIME* 


Wayne C. Capron, President 
Kenneth 0. Austin, Vice-President 
Edward B. Harry, Secretary 
James C. Henderson, Treasurer 
Eugene A. Stephenson, Faculty Sponsor 


UNIVERSITY OF KENTUCKY 
Lexington, Ky. 
Norwood Mining and Metallurgical 
Society* 


Raiph W. Preston, Jr., President 
Harry L. Kirkpatrick, Vice- President 
Everett A. Wick, Secretary 
Harry L. Washburn, Treasurer 
Cc. S. Crouse, Faculty Sponsor 
H. Comer Wolf, Counselor 
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LAFAYETTE COLLEGE 
Easton, Pa. 
John Markle Society 
Nelson Strang, President 
Channing B. Mould, Vice-President 
John M. Siergiej, Secretary-Treasurer 
Bernard J. Fischer, Faculty Sponsor 


LEHIGH UNIVERSITY 
Bethlehem, Pa. 
rd Eckfeldt Mining and Geolog- 
ical Society 


David Ford, President 
Douglas Sammack, Vice-President 
Malcolm Wane, Secretary 
John Joyce, Treasurer 
H. R. Gault, Faculty Sponsor 


LOUISIANA STATE UNIVERSITY 
University, La. 
Student Chapter, AIME* 
James W. Law, President 
Jack Simpson, Vice-President 
Jerry Shea, Secretary-Treasurer 
Mahion F. Manville, Corresponding 
Secretary 
B. C. Craft, Faculty Sponsor 
H. F. Winham, Counselor 


MACKAY SCHOOL OF MINES 
UNIVERSITY OF NEVADA 
Reno, Nev. 

Crucible Club 
Alberto H. Barrios, President 
Robert C. Horton, Vice-President 
William D. Williams, Secretary 
Gerald E. Knowles, Treasurer 
William |. Smythe, Faculty Sponsor 
Louis D. Gordon, Counselor 


MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


Cambridge, Mass. 
Metallurgical Society* 

John D. Yerger, Jr., President 
Robert N. Randall, Vice-President 
Kenneth W. McGrath, Secretary 

Jan M. Hoegfeldt, Treasurer 
H. Rush Spedden, Faculty Sponsor 

Daniel Cushing, Counselor 


UNIVERSITY OF MICHIGAN 
Ann Arbor, Mich. 


of Michigan A 
ent Society, AI 


W. Phillips, 
Frank L. Yaggee, Vice-President 
G. H. Hilbers, Jr., Secretary-Treasurer 
Kenneth F. Packer, Recording Secretary 
Clarence A. Siebert, Faculty Sponsor 


MICHIGAN COLLEGE OF MINING 
AND TECHNOLOGY 


Houghton, Mich. 
Mining Cludb* 

Rodger H. Chapman, President 
Harry A. Toelle, Jr., Vice-President 
Don Avery, Treasurer 
James J. Walker, Secretary 
Charles M. Harry, Faculty Sponsor 
C. Harry Benedict, Counselor 


UNIVERSITY OF MINNESOTA 
Minneapolis, Minn. 


of Minnesota Student 
hapter, AIME* 


Lyle Campbell, President 
Albert Alexander, Vice-President 
Morris Sandvig, Secretary-Treasurer 
John Sumner, Program Chairman 
R. L. Dowdell, Faculty Sponsor 
Robert D. Longyear, Counselor 
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MISSOURI! SCHOOL OF MINES 
AND METALLURGY 
Rolla, Mo. 

Missouri School of Mines and Metallurgy 
Student Chapter, AIME* 
James B. Chaney, President 
Edward Aubuchon, Vice-President 
D. Castieberry, Treasurer 
Albert Jones, Secretary 
D. R. Schooler, Faculty Sponsor 
Leon W. Dupuy, Counselor 


MONTANA SCHOOL OF MINES 
Butte, Mont. 
Anderson Carlisle Technical Society* 
Leonard Powell, President 
* Dare Boulter, Vice-President 
Carl Howald, Secretary-Treasurer 
Curtis L. Graversen, Faculty Sponsor 


UNIVERSITY OF NEW HAMPSHIRE 
Durham, N. H. 
University of New Hampshire Student 
Chapter, AIME* 
J ph T. Caliah President 
Cari A. Lein, Vice-President 
Ll. W. Wakefield, Secretary-Treasurer 
Marston Chase, Corresponding Secretary 
T. R. Meyers, Faculty Sponsor 
Daniel Cushiny, Counselor 


UNIVERSITY OF NEW MEXICO 
Albuquerque, N. Mex. 
University New Mexico Affiliated 
Student Society 
Philip T. Hayes, President 
Ernest Rich, Vice-President 
Peggy Cannedy, Secretary-Treasurer 
Vincent C. Kelley, Faculty Sponsor 
Cc. T. Griswold, Counselor 


NEW MEXICO SCHOOL OF MINES 
Socorro, N. Mex. 
Cooney Mining Cluib* 

Ray Balimer, President 
Thomas O. Perrott, Vice-President 
Harold B. Russell, Secretary-Treasurer 
William W. Long, Faculty Sponsor 


NORTH CAROLINA STATE COLLEGE 
OF AGRICULTURE AND 
ENGINEERING 
Raleigh, N. C. 
Rockhound Club* 

Cc. H. Robinson, President 
M. B. Corriher, Jr., Vice-President 
W. G. Wells, Jr., Secretary 
F. L. Dillard, Treasurer 
Warren G. Steel, Faculty Sponsor 
J. Frank West, Counselor 


UNIVERSITY OF NORTH DAKOTA 
Grand Forks, N. Dak. 
Mining Club* 
Wayne D. Wavrin, President 
Donald K. Nelson, Vice-President 
John H. Fyten, Secretary-Treasurer 
A. W. Koth, Faculty Sponsor 
L. C. Harrington, Counselor 


OHIO STATE UNIVERSITY 
Columbus, Ohio 
Mineral Industries Society 
Benjamin Roth, President 
Thomas L. Chase, Vice-President 
John Schumann, Secretary-Treasurer 
W. A. Mueller, Faculty Sponsor 
William Heimberger, Counselor 


UNIVERSITY OF OKLAHOMA 
Norman, Okla. 
Petroleum Engineers Club* 
Gene C. Bankston, President 
Preston G. Rennie, Vice-President 
Charles Robert Olson, Secretary- 
Treasurer 
Lewis L. Barnes, Publicity Director 
Kenneth R. Boles, St. Pat’s Counselor 
Jim Gough, Entertainment Director 

W. F. Cloud, Faculty Sponsor 


OKLAHOMA AGRICULTURAL AND 
MECHANICAL COLLEGE 


Stillwater, Oklahoma 
Petroleum Engineering Club 
Lewis Smith, President 
Bob Brakey, Vice-President 
James E. Brazell, Secretary 
J. W. Jackson, Treasurer 
Ray L. Six, Faculty Sponsor 


OREGON STATE COLLEGE 
Corvallis, Oreg. 
Oregon State College Student Chapter 
of the AIME* 
Ronald F. Robberson, President 
James G. Osborne, Jr., Secretary- 
Treasurer 


ira S. Allison, Faculty Sponsor 
Fay W. Libbey, Counselor 


UNIVERSITY OF PENNSYLVANIA 
Philadelphia, Pa. 
Metallurgical Engineering Society 
David Goldstein, President 
Victor Damiano, Secretary 
R. M. Brick, Faculty Sponsor 
A. ©. Schaefer, Counselor 


THE PENNSYLVANIA STATE 
COLLEGE 


State College, Pa. 

Penn. State M. I. Society* 
Samuel W. Liewellyn, President 
Thomas B. Budinger, Vice-President 
James G. Tilton, Secretary-Treasurer 
A. W. Asman, Faculty Sponsor 


Petroleum Engineering Society* 

N. Dean Altimus, President 
Robert C. Merkle, Vice-President 
F. C. Bence, Secretary-Treasurer 

P. W. Huber, Corresponding Secretary 


POLYTECHNIC INSTITUTE 
OF BROOKLYN 


Brooklyn, N. Y. 

Student Chapter, AIME 
Robert E. King, President 
Robert P. Wittmann, Vice-President 
Fred E. Weisser, Secretary 
William A. Corigliano, Treasurer 
Otto H. Henry, Faculty Sponsor 
Stanislaus Skowronski, Counselor 


COLLEGE OF PUGET SOUND 
Tacoma, Wash. 

The Geological Society* 
Richard C. Bligh, President 
Glan Holmberg, Secretary 

F. A. McMillin, Faculty Sponsor 
Eugene A. White, Counselor 


PURDUE UNIVERSITY 
Lafayette, Ind. 
Purdue University Student Society, 
AIME 


R. E. Schotz, President 
T. G. Johnston, Jr., Vice-President 
W. H. Roberts, Secretary 
Cc. R. McKinsey, Treasurer 
George M. Enos, Faculty Sponsor 
W. John King, Counselor 


RUTGERS UNIVERSITY 
New Brunswick, N. J. 

The Rutgers Geology Club* 
Gerald Wasserburg, President 
Clarence V. Pierce, Vice-President 
Worth 8B. Cunningham, Jr., Secretary- 
Treasurer 


Helgi Johnson, Faculty Sponsor 
J. D. Grothe, Counselor 
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ST. LOUIS UNIVERSITY 

INSTITUTE OF TECHNOLOGY 
St. Louis, Mo. 

Student Chapter, AIME 

S. C. Judge, tll, President 
D. D. Barman, Vice-President 

Thomas Parker, Secretary-Treasurer 
W. J. Gabriel, Corresponding Secretary 

A. J. Frank, Faculty Sponsor 


UNIVERSITY OF SOUTHERN 
CALIFORNIA 


Los Angeles, Calif. 

Student Chapter, AIME* 
Archibald M. Laurie, President 
Richard S. Davis, Vice-President 
Robert J. Fernandes, Secretary 

Robert R. Shaffer, Treasurer 
Richard Davis, Membership Committee 
Richard Brazier, Program Committee 

John P. McGriff, Parliamentarian 


SOUTH DAKOTA SCHOOL OF MINES 
AND TECHNOLOGY 


Rapid City, S. Dak. 

Drill and Crucible Club* 
Ralph C. Flow, President 
Henry L. Hurley, Vice-President 
Russell F. Gamberg, Secretary 
Edward F. Jacobson, Treasurer 
J. P. Gries, Faculty Sponsor 


STANFORD UNIVERSITY 
Stanford University, Calif. 


The Gastegiess and Mining Society of 
tanford University 


Harry Ptasynski, President 
R. Garvin Berry, Jr., Vice-President 
Edward A. ge. Jr., Secretary- 
Treasurer 
Charles F. Park, Jr., Faculty Sponsor 
F. G. Tickell, Counselor 
S. W. Muller, Counselor 


TANGSHAN ENGINEERING 
COLLEGE 


Nan Yang University, Shanghai, China 


The AIMEE Student Chapter at Tang- 
shan Engineering College* 


Yao Check-Yin, President 

Chou Tsu-Ting, Secretary 
Chen Young-Kai, Treasurer 
Jan Shi Sen, Faculty Sponsor 


AGRICULTURAL AND MECHANICAL 
COLLEGE OF TEXAS 


College Station, Texas 
Petroleum Engineering Club 
Richard K. Epps, President 
Paul Ravesies, Vice-President 
Charles R. Mitchell, Treasurer 
Harry L. Dedman, Secretary 
Robert L. Whiting, Faculty Sponsor 


TEXAS COLLEGE OF MINES AND 
METALLURGY 
(Branch of the University of Texas) 
El Paso, Texas 
Mining Club 
Louis W. Cope, President 
Antonio Obregon, Vice-President 
Richard E. Lindberg, Secretary 
John F. Graham, Faculty Sponsor 
E. M. Tittman, Counselor 


TEXAS TECHNOLOGICAL COLLEGE 
Lubbock, Texas 
Society of Petroleum Engineers and 
Geologists 


James McMurray, President 
Clyde H. Pickens, Vice-President 
Marguerite Weeks, Secretary 
Loraine Sparks, Treasurer 
Fred Th p » Corr Pp ding 
Secretary 
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UNIVERSITY OF TEXAS 
Austin, Texas ~ 
University of Texas Affiliated Society 
of AIME 


R. R. Wallace, President 
Aaron Cawley, Vice-President 
John Kirby, Secretary 
Charles Hancock, Treasurer 
J. M. Lebeaux, Faculty Sponsor 


UNIVERSITY OF TORONTO 
Ont. 
ee Toronto Mining and 
etallurgical Club 


Toronto Campus 
E. C. Hodgson, President 
W. Curlock, Vice-President - 
R. W. Boyle, Secretary-Treasurer 
Ajax Division 
Ss. W. Wright, President 


UNIVERSITY OF TULSA 
Tulsa, Okla. 
University of Tulsa Student Chapter, 
AIME* 


UNIVERSITY OF UTAH 
Salt Lake City, Utah 
Mining Society of the University of 
Utah* 


Jason E. Everts, President 
Walter O’Toole, Vice-President 
Alan King, Secretary-Treasurer 
Robert S. Lewis, Faculty Sponsor 
James K. Richardson, Counselor 


VIRGINIA POLYTECHNIC 
INSTITUTE 
Blacksburg, Va. 
Burkhart Student Chapter, AIME* 
Walter N. Bond, President 
Frank L. Gaddy, Vice-President 


Albert E. Singleton, Jr., Secretary- 
Treasurer 


L. |. Cothern, Faculty Sponsor 
J. A. Hagy, Counselor 


WASHINGTON UNIVERSITY 
St. Louis, Mo. 

Walter E. McCourt Memorial Chapter* 
Albert O. Wilkat, President 
Nelson E. Lurton, Jr., Vice-President 
Y. William Itsachsen, Secretary- 
Treasurer 
H. L. Sharon, Faculty Sponsor 
Herbert A. Franke, Counselor 


STATE COLLEGE OF WASH; 

Pullman, Wash. — 
Associated Muckers 
George Becraft, President 
Charies Hummel, Vice- 

Rodney Carden, Secretary 

Betty Enbysk, Treasurer 
Donald L. Masson, Faculty Sponsor 


UNIVERSITY 
Seat 
The Mines 
Cc. H. Fidler, President 
William Norem, Vice-President 
R, J. J. Lampson, Secretary- 
Joseph Daniels, Faculty Sponsor 


WEST VIRGINIA UNIVERSITy 
Morgantown, W. Va. 

The Mining Society 
Robert H. Edele, President 
Paul E. Owens, Vice-President 
Walter A. Detamore, Secretary- 
Treasurer 


R. W. Laird, Faculty Sponsor 
G. R. Spindler, Counselor 


UNIVERSITY OF WICHITA 
Wichita, Kansas 
Geology Club 
Robert Watchous, President 
Elbie McNeil, Vice-President 
Claude Sheats, Secretary 
Doug McGinness, Treasurer 
J. R. Berg, Faculty Sponsor 
A. Koester, Counselor 


UNIVERSITY OF WISCONSIN 
Madison 6, Wis. 
Mining 
Robert K. Allen, President 

John Althouse, Vice-President 
Charles Pitt, Secretary-Treasurer 
Robert Hueschen, Chief Mucker 
Philip C. Rosenthal, Faculty Sponsor 

Cc. V. Nass, Counselor 


YALE UNIVERSITY 
New Haven, Conn. 
Yale Metallurgical Society* 
D. A. Nankivell, President 
Harold Margolin, Vice-President 
Vv. T. Potter, Secretary 
Cc. H. Stokesbury, Jr., Treasurer 
W. R. Hibbard, Jr., Faculty Sponsor 
J. L. Christie, Counselor 


Princeton University, University of Pittsburgh and University of the Philippines 


student societies are inactive. 


THE WOMAN’S AUXILIARY, 1949 


PRESIDENT 
Mrs. Thorne E. Lioyd 
14 Green Hill Road Morristown, N. J. 


FIRST VICE-PRESIDENT 
Mrs. H. Y. Eagle 
2 Fifth Ave. New York, N. Y. 


SECOND VICE-PRESIDENT 
Mrs. David Eugene Park 
30 Sutton Place New York, N. Y. 


THIRD VICE PRESIDENT 
Mrs. Loyal George Tinkler 
233 Gardner Road Ridgewood, N. J. 


FOURTH VICE-PRESIDENT 
Mrs. M. F. Coolbaugh 
1700 Maple St. Golden, Colo. 


FIFTH VICE-PRESIDENT 
Mrs. Rollin A. Pallanch 
1654 Millbrook Rd. Salt Lake City, Utah 


RECORDING SECRETARY 
Mrs. Thomas T. Read 
9 Windmill Lane Scarsdale, N. Y 


ASSISTANT RECORDING 
SECRETARY 


Mrs. Robert Y. Woodul 
320 East 72d St. New York, N. Y. 


CORRESPONDING SECRETARY 
Mrs. Theodore Nagel 
76 Remsen St. Brooklyn, N. ¥. 


TREASURER 
Mrs. George D. Barron 
Box 217 Rye, N. ¥. 
ASSISTANT TREASURER 
Mrs. Robert Hursh 
River Road, Silvermine Norwalk, Conn. 
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Sinking with the Hydro-mucker 


at Mather “B” Shaft. 


By J. S. WESTWATER, * Junior Member, AIME 


The Mather mine of The Negaunee 
Mine Co. embraces nearly all of Sec- 
tions 1 and 2, T47N, R27W, within 
the limits of the cities of Negaunee 
and Ishpeming on the Marquette iron 
range of Michigan’s Upper Peninsula. 
Operations of the Negaunee Mine Co., 
the stock of which is jointly owned by 
Bethlehem Steel Co. and The Cleve- 
land-Cliffs Iron Co., are under the 
direction of the latter company. 

The opening of the Mather mine was 
described by C. W. Allen.t 

Mather “A” shaft was completed to 
aninitial depth of 2352 ft in early 1943. 
The shaft capacity of over one million 
tons yearly is in prospect of being real- 
id by orderly development and 
mining, and sinking of the second or 
“B” shaft then started in accordance 
with previous planning. Mather “B,” 
also a vertical shaft, was designed as a 
twin to Mather “A” shaft and the 
inking technique developed at Mather 
a was utilized in ““B” shaft opera- 
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Shaft Sinking General Plan 


An average depth of 16 ft of sand 
overburden at the shaft site was cleared 
away by bulldozer, and the shaft ap- 
proximately 15 by 20 ft in rock opening 
put down to an initial depth of 87 ft. 
Mucking of the broken rock to this 
depth was accomplished by an Insley 
excavator equipped with a }4 yard ca- 
pacity Owens clamshell bucket. Addi- 
tion of 200 lb weight to each lip of the 
clam bucket provided adequate “‘ bite” 
to dig the broken diorite and jasper 


San Francisco Meeting, February 
1949. 

TP 2596 A. Discussion of this paper 
(2 copies) may be sent to Transactions 
AIME before July 30, 1949. Manu- 
script received Jan. 26, 1949. 

* Superintendent, Mather Mine} B” 
Shaft, Cleveland-Cliffs Iron Co., 
Negaunee, Mich. 

+ C. W. Allen and L. C. Moore: 

the Mather Mine. Trans. 
AIME (1945) 163, 293. 


rock. Temporary heavy wood bearers 
were placed across the shaft mouth to 
support the steel shaft sets which were 
hung in this initial 87 ft depth, aligned 
accurately and concreted in place from 
the lowest set upwards. The permanent 
steel headframe foundations and three 
service tunnel openings to the shaft 
were also concreted in the upper sec- 
tion to the shaft collar. 

A temporary wood headframe was 
then erected over the shaft mouth, and 
consisting of a Lake Shore 12 ft diam 
single drum grooved for a 13¢ in. rope 
and powered by two 400 hp motors to 
attain hoisting speed of 1100 fpm. 
Compressed air was obtained from a 
Nordberg 2 stage tandem horizontal 
type with a capacity of 1500 cfm. An 
enclosed landing platform at the shaft 
collar was equipped with a rotary dump 
and pocket for discharge of the rock 
into a Euclid 15 ton truck. 

On completing assembly of this 
equipment and installation of a special 
cage in the shaft, sinking was resumed 
on a three shift, six days per week 
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schedule. The equipment used and 
sinking procedure established in the 
Mather “A” project was fully covered 
by C. W. Allen in his earlier paper. 
Mather “B” shaft, while re-using the 
same or employing similar equipment 
and following generally the pattern 
adopted for “A” shaft, has made use 
of the advantages offered by the tung- 
sten carbide tipped drill bit and of a hy- 
draulically operated clamshell bucket 
in mucking operations. 

Fig 1 shows the arrangement of steel 
shaft sets which are installed on 7 ft 
centers. The sets are hung as Shown 
from 6 by 6 by }4 in. angle studdles 
and are blocked by a reinforced con- 
crete ring, bevelled below the set to 
the rock walls, or by sacked concrete 
jammed between the beams and the 
rock. Normally every other set is placed 
with a bevel concrete pour and the 
alternate sets blocked with the concrete 
filled sacks, however in sections of the 
shaft possessing unstable wall condi- 
tions, each set is installed with the 
bevel pour. 
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FIG 1—Steel shaft sets. 


Fig 2 illustrates sets that are of 
Bethlehem Mayari-R steel, 6 in. 25 Ib 
H-beams, and are credited with a cor- 
rosion resistance 6 times that of ordi- 
nary steel. The arrangement provides 
for a 4 compartment shaft consisting 
of a cage compartment 6 ft 6 in. by 
12 ft 0 in. inside, a ladder and pipe 
compartment 3 ft 1114 in. inside and 
12 ft long, and 2 skip compartments 
6 ft 0 in. by 5 ft 83g in. The cage and 
skip compartments are separated by 
the ladder compartment. In addition 
the skip roads are completely sealed 
from the other two compartments by 
a partition consisting of %¢ in. steel 
plate which extends the width of the 
shaft and is made air tight to the shaft 
walls by the compaction of concrete 
filled sacks between the edge of the 
plate and the rock. In normal ventila- 
tion the cage road is downcast with 
fresh air and the skip compartments 
upcast carrying the discharge air to 
prevent freezing of the skip dumps. In 
case of fire underground no contami- 
nation of the fresh air entry is possible 


7- ¢ bearer beams - 
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bearer 


with the plate seal. Corrugated lath, 
No. 14 gauge, copper-bearing galva- 
nized sheets, fully enclose the shaft 
perimeter. The sheets are made fast to 
the 6 in. H-beams set by bolting witha 
specially designed clip. 

In the ladder compartment, wire 
mesh of No. 6 gauge, 3 in. square 
openings, is fastened to the double cage 
guides, extending wholly across the 
opening of the ladder road proper. At 
the sollar sets of the ladder road, 214 in. 
guard angles are placed across the in- 
terior studdles to prevent mis-step. 

Two pairs of wood guides 6 by 10 in. 
will be installed in the cage compart- 
ment to serve the permanent alumi- 
num double decked cage, replacing the 
514 by 734 in. single guides now serving 
the sinking cage. The same dimension 
wood runners will serve the skips which 
will be equipped with rubber tired 
guide wheels to minimize wear of the 
supplementary steel guide shoes. 

The ladder compartment is divided 
into three parts, the center serving & 
the ladder road proper, and each end 
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compartment for pipe and power cable 
installation. A 14 in. ,cage counter- 
weight pipe is being installed as sinking 
and serves as ventilation 
conduit from a size 45 Sturtevant pla- 
novane fan which is capable of pro- 
ducing 3000 cu ft of air per minute 
through 2000 ft of 14 in. pipe against 
maximum static pressure of 20 in. of 
water. An adjustable by-pass arrange- 
ment is provided between the fan and 
the shaft conduit to permit blowing or 
exhausting action of the fan which 
rotates in one direction only. A 10 in. 
diam water discharge line and a 12 in. 
diam compressed air line are to be 
installed, and the weights of these large 
diameter pipes are carried only by the 
bearer sets installed at intervals of 
150 ft. These bearers are 12 in. 50 lb 
[-beams and 4 beams constitute a set. 
They are placed across the short di- 
mension of the shaft, two immediately 
adjacent to the end pieces of the shaft 
sets and two over the interior dividers. 
These bearers are of sufficient length 
to jut into niches cut in the shaft walls. 
The J-beams are bolted to the shaft 
get and the combination is then em- 
bedded in a solid ring of concrete. 

A sinking cage, shown in Fig 3, has a 
platform 5 ft 6 in. by 9 ft 0 in. and is 
equipped with safety catches and a 
steel crosshead which permits lowering 
toa distance of 30 ft below the bottom 
shaft set. The use of this type cage per- 
mits movement of men and supplies 
with comparative safety and in the 
mucking operation, hoists a 2}4 cubic 
yard capacity car. In conjunction with 
the cage is a 2 yard capacity mucking 
tray (Fig 4), equipped with a bail and 
possessing two hooks at the front, which 
is hoisted by an Ingersoll-Rand K4U 
air hoist having a rated capacity of 
3500 lb rope pull at 80 lb pressure and 
a lift speed of 95 fpm. The cage 
is lowered to the muck pile and the 
hooks of the tray engage two dumping 
bars on the cage permitting the tray 
to discharge its load through an open- 
ing in the side of the cage into the car 
blocked in place on the cage platform. 


Details of Sinking 
Operation 


DRILLING 


fron formation or jasper was pene- 
tated from near the collar to the 
1650 ft depth. A 7 ft depth of cut was 
laken consisting of 72 holes drilled 
breaking'to a V-cut. The drill machines 
wed are the Ingersoll-Rand J-50 Jack- 
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FIG 3—Sinking cage. 
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hammers of the 60 lb class equipped 
with automatic air-water backheads. 
One inch, quarter octagon, Bethle- 
hem high carbon drill steel is used. 
The bits employed during the first 
several months were the Ingersoll- 
Rand jackbit 234 in. gauge starter. 
Drilling time using 10 machines and 
making a 72 hole round, averaged 
44 hr. Tests made with the hard 
metal insert bit, Series 13 CS4 Carset 
Jackbit 114 in. gauge, were immediately 
successful and the entire drilling pro- 
cedure was then placed on full employ- 
ment of this type bit. Average drilling 
time with the hard metal bit was 2 hr 
with an occasional 72 hole round being 
finished in actual drilling time of 
50 min. In Mather “A” sinking, an 
occasional layer of hard blue jasper 
would boost drilling time tremendously, 
one example being a 4 ft cut that re- 
quired the use of 1700 jackbits and 
11 hr to drill. Mather “B” shaft is in 
the same geological horizon and has 
penetrated similar hard layers of blue 
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jasper and has, since the adoption of 
the tungsten carbide bit, completed 
drill rounds in a maximum time of 
314 hr. At the drilling of the maximum 
time round, a depth of hole of 8 ft was 
made. Bit life of the standard jackbit 
averaged 2 ft per sharpening whereas 
the Carset bit produced 135 ft before 
discard, the predominant cause of 
which was gauge loss. 

Early drilling with the Carset bits, 
employed alloy steel rods but trouble 
was encountered with connection studs 
working loose, and inasmuch as the 
previously used high carbon steel had 
performed satisfactorily the studs were 
driven in high carbon drill rod entirely 
and the rods and bits have given ex- 
cellent service. It is the practice to 
place bits on the rod change lengths in 
the mine shops and securely tighten 
them in place using a 24 in. Stillson 
wrench. Sufficient extra rods are on 
hand in case of breakage during drilling, 
eliminating any necessity for bit chang- 
ing by the miners during the round. 


The drill machines, rods, and bits are 
thoroughly inspected after every drill- 
ing period. In the case of bits, a gauge 
test is made and if found to have lost 
to the extent of }{, in. the bit is re- 
moved. In the case of longer lengths, 
a bit is interchanged from a short 
length and a new bit placed on the 
short lengths. This ensures greater 
gauge on the shorter rods and has 
eliminated to a great extent loss of 
time due to stuck steel. 

Bit discard is due preponderantly to 
gauge loss which is quite severe in down 
holes drilled in the extremely abrasive, 
high silica jasper formation. It has been 
found, however, that the bits removed 
from service because of gauge loss pro- 
duce a footage equal to that given in 
the shaft when used later in drilling 
horizontal or upper holes at other com- 
pany mines. 

Air was supplied to the machines in 
early drilling by means of a header 
equipped with 12 I-R line oilers of 
1 pint capacity, and necessary air and 
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water connections. The header was fed 
by a 6 in. line and a connecting 3 in. 
rubber hose. A K4U utility hoist 
mounted on a shaft set raised and 
lowered the header as desired. From 
the header, air was supplied to the 
drill machines by 30 ft lengths of 1 in. 
hose to ensure adequate volume and 
pressure. It was found, however, that 
insufficient lubrication was being given 
the drill machines, and that the 1 in. 
hose was awkward and cumbersome in 
handling the machines, therefore, a 
header or manifold of different design 
was built at the mine shop. This header 
as shown in Fig 5 consists of an air 
receiver, 16 in. diam pipe 24 in. long, 
through which passes, completely en- 
closed, a 1 in. extra heavy pipe for 
water. Twelve 1 in. air hoses are con- 
nected to the bottom of the air receiver 
near the outer circumference. Likewise 
twelve 14 in. water hoses lead from the 
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water receiver a section of 8 in. pipe, 
12 in. long, welded to the bottom side 
of the air receiver. These air hoses are 
12 ft long and connect to 12 oilers of 
1 pint capacity securely fastened in 
groups of three, in a circular arrange- 
ment 19 in. od. As in the upper con- 
nection the air lines occupy the outer 
ring and the water lines the inner circle. 
Air hoses of 34 in. lead from the oilers 
to the drill machines. The lengths of 
these machine hoses vary from 12 to 
17 ft so that when the header is sus- 
pended over the shaft bottom just 
above head height, the corner machines 
have sufficient length. This octopus 
type header, designed by mine engi- 
neer Harry Swanson, has delivered ade- 
quate air, water, and lubrication and 
has as its strong feature a shape which 
provides no difficulty in traversing the 
constricted pipe partment of the 
shaft when being raised out of the way 


Htavy Pipg 


of the blast. 

The number of holes drilled per blast 
has varied from 65 to 85 matching the 
ease or difficulty of obtaining satisfac- 
tory fragmentation and cleanly broken 
bottom. It was found in the sinking of 
“A” shaft, which had its long dimen- 
sion parallel to the strike of the forma- 
tion, that the slates dipping at 45° 
would spall and slough to a semicircular 
arch especially on the upper side of the 
dip. Not infrequently that side would 
be drilled at the corners and the re- 
maining holes pulled away from the 
proposed rib outline almost to the 
middle of the shaft. Despite this buffer 
approach the severe arching would re- 
peat. To counteract this weakness in 
the slates, Mather “B” was turned so 
that the short dimension of the rec- 
tangular outline was presented to the 
strike and greatly reduced overbreak 
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BLASTING 


- On completion of the drill round, the 
holes are blown clean with compressed 
air and charged with gelatin dynamite 
in the ratio one third 90 pct and two 
thirds 80 pct Hercules gelatin extra in 
cartridges 114 by 8 in. It had been 
determined by trial that the 90 pct 
dynamite in the bottom of the holes 
produced a cleaner blast bottom in the 
dipping layered jasper formation. The 
primer cartridge is loaded as the second 
stick in the hole, and contains a delay 
electric blasting cap. These delays 
range from the three available short 
period or millisecond delay to the 
standard 12th delay. Lead wires from 
the individual blasting caps are bunched 
in groups of not over 5 by color and are 
twisted in a tight connection to one of 
two bus wires suspended by wooden 
pegs directly over the blast area. These 
bus wires are tinned, bare copper No. 14 
gauge wire. A No. 14 duplex wire leads 
above the blast area to connect to a 
No. 4 rubber covered Tyrex cable which 
extends the length of the shaft to a 
blasting station in a concreted service 
tunnel near the shaft collar. The blast 
is fired from a locked safety switch, the 
key of which is in the possession of the 
shaft boss. Alternating current is used 
to fire the round, 110 v was used for 
the first 1600 ft and 220 for the suc- 
ceeding lift. The junction of the No. 14 
Duplex to the No. 4 is made on a box 
equipped with wing nuts for easy 
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manipulation. Before the junction is 
made the shaft boss, coming up from 
a last inspection of the blast wiring, 
tests the No. 4 Tyrex for stray current 
by placing the lead wires of a squib 
across the Tyrex ends. The connection 
is then made and the boss continues to 
the shaft collar to fire the round from 
the locked switch which is shunted 
in the open position. 

It was found in the initial drilling 
with the hard metal bits that because 
of the uniform small diameters of 
the holes, 114 in. as compared to the 
standard jackbit inverted tapered hole 
ranging from 234 in. at the collar to 
approximately 134 in. at the bottom, 
much less dynamite could be loaded in 
the 1}¢ in. hole. The ratio was approxi- 
mately 50 pct. On blasting however, 
equal if not better fragmentation was 
obtained from the smaller powder 
loads. One explanation offered for this 
seemingly unbelievable result is that 
perhaps because of the uniformly par- 
allel sided hole of the hard metal bit, 
the gas pressure is retained slightly 
longer than in the outward sloping 
conical hole produced by the larger 
jackbits. 

In the hand mucking stage of sink- 
ing, good fragmentation was obtained 
in the jasper with a 7 ft cut. Use of 
the hydro-mucker eliminated the neces- 
sity for fine fragmentation and the cuts 
were deepened to 9 ft. Wall stability is 
now the governing factor in depth of 
round blasted. 


MUCKING 


Company established sinking prac- 
tice insisted for reasons of safety that 
in deep shafts a cage be used to hoist 
shaft rock rather than the guided sink. 
ing bucket or skip and trap door 
arrangement commonly used. Although 
there has been no shortage of volun- 
teers for shaft sinking with its attend- 
ant laborious hand mucking, we have 
long searched for some type of mechani- 
cal mucking that could profitably be 
used in lightening the load for the 
crews and at the same time speed the 
sinking operation. Shaft mucking was 
about the last phase of underground 
operation within the company that 
had not been mechanized in whole or 
major part. 

The combination of tray and sinking 
cage, which at times filled almost 40 pct 
of the area below the last steel set to- 
gether with unset concrete supporting 
the last set, precluded the employment 
of any heavy traveling form of digging 
equipment. It was believed, however, 
that a type of clamshell bucket sus- 
pended from a fixed point up in the 
shaft where the concrete had reached 
a good setting strength, could be swung 
pendulum fashion to all points on the 
muck pile in this 15 by 20 ft area at 
the bottom. Also it was desired to use 
a mechanical method that would be 
comparatively simple, free from ap- 
purtenances, and fit in with the equip- 
ment of the hand mucking tray system. 
If, as mechanical innovations are prone 
to do, failure of some part should occur, 
especially in the early stages, the shaft 
mucking could proceed in the pre- 
viously accustomed fashion with little 
interruption. 

In late 1947 trials were made with 
several types of industrial rope-reeved 
clamshell buckets actuated by various 
types of air and electric powered hoists. 
These experiments were made in a full 
scale model of 4 shaft sets on surface 
to simulate actual space conditions in 
the shaft ang to work out any diffi- 
culties that could be foreseen before 
placement of the apparatus in actual 
service. Mechanically, the result of 
these trials was successful, but it was 
obvious that some training of the 
miners as clamshell operators would 
be necessary for successful combination 
of the placing and digging action of the 
equipment, At that time, however, ac- 
quaintance was made with the Mil 
waukee Hydrocrane Co., who utilized 
a bucket operated hydraulically in con- 
junction with their mobile crane. This 
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type of bucket, it was apparent, would 
eliminate the drawback of a rope- 
reeved clamshell pulling away from 
the muck pile, and, further, the bucket 
would be comparatively light in weight 
for easy movement by the miners and 
yet obtain a load without the restrictive 
directional pull of the digging line. 

With the Hydrocrane people offering 
fullest cooperation, a layout was made 
which was very simple in design, add- 
ing only the bucket and a hydraulic 
power unit to the equipment already in 
the shaft for hand mucking purposes. 
The bucket as manufactured by the 
Milwaukee Hydrocrane Co., now the 
Hydrocrane Division of Bucyrus-Erie 
Co., was of 3¢ yard capacity and 
operated by a single hydraulic ram 
of 2%, in. diam and 19 in. stroke 
mounted vertically within the bucket 
yoke or frame. The bucket in dimen- 
sion and outline is very similar to the 
conventional industrial rope-reeved 
bucket and weighs 1350 lb complete 
(Fig 6). A low head type of bucket 
equipped with two horizontal rams was 
being developed by the Hydrocrane 
people which seemed to offer greater 
advantage for shaft work with its lower 
center of gravity, but to initiate the 
hydro-mucker and work out the weak 
spots bound to appear, it was decided 
to use the vertical type rather than 
wait for satisfactory development of 
the low head bucket. 

Hydraulic power for the bucket was 
provided by assembly at our General 
Shops of a unit consisting of a 20 gal 
oil reservoir tank, a small filter, a 15 hp 
motor, two hydraulic pumps and a con- 
trol bank, all mounted within a base 
and bail to permit lowering through a 
pipe compartment 2 ft 514 in. by 
3 ft 1134 in. Fig 7 shows the original 
power unit built. A 15 hp, 220 to 440 v, 
3 phase, 1800 rpm, drip proof motor 
mounted on a base plate drives two 
Blackhawk P-197 pumps by V-belt and 
pulleys. These 3 gpm pumps, mounted 
on brackets for quick belt adjustment 
or removal, are 6 cylinder radial style 
piston type pumps, wherein radial mo- 
tion is transferred into reciprocating 
motion by means of a wobble plate. 
The pump is capable of pressures up to 
6000 psi. Good bucket digging action 
and pump life have been obtained from 
operation of the pumps at 5000 lb pres- 
sure and a speed of 1400 rpm. Bearings 
of the pump are antifriction type, 
throughout. At present an improved 
type of pump classified as P-237 is 
being used. This latest design has elimi- 
nated several causes of failure in the 
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FIG 7—Power unit. 


earlier model and contains an improved 
piston spring, removable valve inserts, 
Amco metal rocker caps and swivel 
sockets on ends of the pistons and uses 
no soft packings. At the outset, the 
rigorous demands of shaft mucking 
which comprised practically a straight 
17 hr usage out of a total 27 hr cycle, 
the P-197 pumps failed in four to five 
days service. This was to be compared 
to an average year and a half life for 
the same type pump used in the mo- 
bile crane. This feature was extremely 
critical and at first jeopardized an 
otherwise” highly successful operation. 
Thorough and constant observation by 
mine mechanic, John Nigra, singled out 
the prime causes of failure and with 
splendid cooperation from the Black- 
hawk Manufacturing Co., these weak- 
nesses were rectified and since the two 
pioneer models of the P-237 were intro- 
duced into the shaft for proving ground 
purposes, no further trouble has been 
encountered. 

The procedure followed in removing 
shaft rock with the hydro-mucker is 
essentially the same as that of hand 
mucking, that is, the 2 yard tray is 
filled by the clamshell bucket and the 
contents of the tray dumped through 
the side of the cage into the 214 yard 
capacity car. A major advantage of the 
hydro-mucker which should be empha- 
sized is the extremely short preparation 
time necessary for the start of the 
mucking cycle. Since the tray and 
bucket are the only two pieces of equip- 
ment removed during other phases of 
the sinking operation, it is a matter of 


minutes to connect the hydraulic line 
and begin the mucking. A second ad- 
vantage is the fact that at no time 
have maintenance or repairs consumed 
more than a few minutes during the 
mucking cycle. During mucking, the 
power unit is usually mounted on 
the 4th or 5th shaft set from the 
bottom. A 65 ft long, 3¢ in. id, high 
pressure hydraulic hose line leads from 
the control bank of the unit, over a 
stationary reel from which loops are 
paid off as additional length is neces- 
sary, down to the bucket. A miner 
sitting on the lowest shaft set, which is 
customarily 20 to 30 ft above the muck 
pile, opens and closes the bucket by 
manipulating two draw cords attached 
to a short crossbar or yoke on the con- 
trol bank lever in the power unit above. 
He has a commanding view of the oper- 
ation and is up out of the way. The 
bucket is raised or lowered by a re- 
versible air hoist of the K4U type 
which is operated by a miner standing 
on the muck pile holding two draw 
cords attached to a yoke on the hoist 
control valve lever. A 34 in. wire rope 
which raises the bucket, is double 
reeved by being passed through a 10 in. 
traveling block above the bucket, and 
is then dead-ended on the shaft set 
above that on which the air hoist is 
mounted. 

When the tray is full, the bucket is 
swung to one side and permitted to dig 
itself into the broken rock to maintain 
an upright steady position. A remov- 
able pin is quickly slipped out of the 
clevis on the bucket yoke, and the rope 
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Table 1. . .. Monthly Progress Record 


Footage 

Sets | Cubic | Cubic | Cubic | Ad- 

Month Da Cuts | Steel p send Yards | Yards | Yards | vance 
vance | Depth = creted | Hoisted| Foot Yy 

Prior 1947...... 128 128} 19 | 15 12 | 494 640 

November 1947.| 26 88 216| 16 | 13 7 1,446 | 16.4/| 3.4 
December 1947 26 | 107 323 14 7 39 | 1466 | 13.7| 4.1 
January 1 26 | 142 465 | 26 | 19 9 41 | 2210 | 15.5| 5.5 
February 1948 25 | 101 566 | 21 | 16 10 1,606 | 16.1/| 4.0 
March 1948... 27 | ‘118 683 | 23 | 17 17 | 125 | 1,900| 16.1| 4.4 
11948... 26 | 144 $27 | 27 | 20 12 | 1 2:409 | 16.7] 5.5 
lay 1948......- 25 | 138 965 | 26 | 20 13 | 18.0| 5.5 
June 26 | 138 | 1,103 | 28 | 18 15 87 | 2311 | 16.7| 5.3 
July 26 | 140 | 1243 | 28 | 21 12 2.680 | 19.11] 5.4 
August 1948 20 | 112 | 1355 | 17 | 16 9 68 | 2.238 | 20 5.6 
tember 1 24 | 153 | 1, 19 | 22 1 | 2 2'810 | 18.4] 6.3 
October 1948 26 | 170 | 1678 | 24 | 24 13 | 101 | 3.198 18.8| 6.5 
November 1948.| 21 | 138 | 1,816 | 17 | 19 10 3,054 | 22.1] 6.6 
1 25 | 145 | 1961 | 19 | 21 13 | 105 | 3,354 | 20.3] 5.8 

attached to the bail of the tray by the The original vertical bucket required 


same pin and a similar clevis. The cage 
is lowered to the dirt pile and the tray 
raised. The position of the dead end of 
the tray hoisting rope, on the divider 
separating the cage and ladder road 
compartments, swings the tray to the 
cage allowing hooks on the tray to 
slide up along the side of the cage 
ensuring engagement on the dumping 
bars. After dumping its load, the tray 
is swung to a favorable position on the 
pile, the pin and block removed, at- 
tached to the bucket and the loading 
operation repeated. Three to four men 
swing the bucket into digging position 
and in the 15 by 20 ft area very little 
picking down is necessary since the 
straight sides and lip of the bucket fit 
the square corners of the shaft. 

A 9 ft cut in the slates produces an 
average of 92 trays of 2 yards each or 
185 yards of broken rock. All but }4 to 
1 tray at the final clean-up is handled 
by the hydraulic bucket. It is advan- 
tageous to clean the bottom thoroughly 
before starting to drill, thus eliminating 
to a great extent hole-starting and 
stuck-steel difficulties caused by loose 
rubbly bottom. It was customary to 
pick and moil 2 to 3 cars to clean the 
bottom in the hand mucking stage, but 
the positive action of the 4 ton closing 
pressure of the clamshell teeth acts as 
a 5 pointed moil and seldom is it neces- 
sary to hand shovel more than }¢ tray. 
Large slabs or blocks pried from the 
walls in trimming following a blast are 
easily handled by the bucket. 
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2 to 4 sec to close on a load and 13 sec 
to open. Trials with the double ram, 
low head, modified, materials-handling 
bucket duplicated the closing time and 
had a 6 sec opening time but this type 
bucket did not possess as good digging 
qualities in the rock as the upright 
bucket. Therefore, at the mine shops 
the two rams each 134 in. diam, 13 in. 
stroke were mounted inclined at 45° on 
the vertical bucket replacing the larger 
2%. in. diam, single vertical ram to 
produce a hybrid bucket possessing 
good digging action and quick opening. 

Performance data shows hand muck- 
ing production with 10 men as 8 yards 
per hour up to the time the hydro- 
mucker was introduced, which was 
August 1948. Since that time the yard- 
age per hour has risen steadily as im- 
provements were made and the system 
became trouble free and the month of 
December 1948 showed an output of 
11 yards per hour which is an improve- 
ment in excess of 35 pct over hand 
mucking. A 10 to 11 man crew was 
necessary in hand mucking and while 
a 7 man crew is adequate with the 
clamshell, a 9 man crew is regarded as 
most efficient for all phases including 
drilling, shaft steel placement, and con- 
creting work. 

A monthly progress record, Table 1, 
gives information from which the gen- 
eral story of the sinking operation to 
date may be drawn. For example, 
January of 1948 had very good wall 
conditions requiring solid concreting of 


every other set according to plan and 
an advance of 142 ft was made. March 
had the same type of jasper rock from 
a hardness standpoint in drilling, but 
the blocky characteristic was much 
more pronounced, which factor de- 
manded concreting of practically every 
set and required placement of 125 yards 
of concrete as compared to 41 yurds in 
January. The cubic yards of rock 
hoisted per foot of advance was conse- 
quently high in March and the result- 
ant gain was 118 ft as contrasted to the 
straight going 142 ft of January. 

The comparison summary of shaft 
sinking figures between Mather “A” 
and Mather “B” shafts, which were 
put down through similar rock con- 
ditions and in which “B” used the 
same methods and equipment at the 
beginning, shows a marked increase in 
footage advance per month. The first 
year of sinking Mather “A” produced 
an average monthly advance of 99 ft, 
and during the second year an average 
of 107 ft was made with a monthly 
high of 124 ft of completed steel and 
concrete shaft. In the first year of 
Mather “B” sinking an average of 
137 ft per month has been made with 
a high month of 170 ft on the three 
shift, six day per week schedule. It is 
further interesting to note that the 
average monthly advance of Mather 
“B” prior to the adoption of the hydro- 
mucker was 129 ft and in the past four 
months of clamshell usage the average 
was 151 ft of shaft advance. Since the 
sinking crews were of comparable 
caliber and of slightly less number in 
“B” shaft sinking and rock conditions 
have been similar to those of Mather 
““A,”’ the helpful factors have been the 
hard metal tipped Carset bits and 
introduction of the hydraulic clam- 
shell bucket for mucking. 

The speed up and ease of mucking 
combined with the simplicity and low 
cost of the so-called hydro-mucker are 
important factors recommending ex- 
panding use. There seems to be little 
question that employment of this 
equipment should produce similar 
worth-while results in other sinking 
jobs no matter what their size or shape, 
the one evident requirement being that 
the shaft shall be vertical or nearly so. 
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Diamond Drilling Quartz- 
feldspar Intergrowths 
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By L. C ARMSTRONG, * Member AIME 


Twice in the past two years and in 
two widely separated localities—one 
near Williamsville, Mo., and the other 
in the Allard Lake district of Quebec— 
the Contract Drilling Division of the 
Longyear Company has experienced 
perplexing difficulties in drilling grani- 
toid igneous rocks. The rocks in both 
places are characterized by appreciable 
amounts of feldspar intimately inter- 
grown with quartz particles of micro- 
scopic dimensions. The disappointingly 
slow rate of advance and the exception- 
ally high bortz loss, obtaining during 
the life of these two projects, are 
ascribed largely to the resistance to 
abrasion of these two minerals when 
arranged in this intergrown pattern. 
Whether all intergrowth-bearing igne- 
ous rocks would offer extraordinary 
resistance to bit progress cannot be 
stated with assurance on the strength 
of these experiences alone. More data 
on diamond drilling this sort of ma- 
terial in a number of localities are 
needed before any generalizations can 
be made safely. 

It should be pointed out that the 


lack of time and funds made it im- -™ 


possible for the writer, or other persons 
interested in correlating the details of 
bit histories with the kinds of rocks 
drilled, to be present during the per- 
formance of the contracts. However, 
the records kept in the normal course 
of drilling are deemed complete enough 
to be reportworthy. This information 
is presented here together with the 
findings made in studies of the rocks 
involved, with the thought that it may 
attract the comments of others who 
may have encountered similar refrac- 
tory drilling conditions. A pooling of 
knowledge on the problem would be of 
material aid in devising more efficient 
cutting tools and procedures for pene- 
trating this kind of rock. 


Drilling Blastholes in the 
Williamsville Granite 
Due to the unsatisfactory perform- 
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contract near Williamsville, Mo., tests 
were made with a diamond drill. The 


The diamonds, in all of the bits tried, 
lost their cutting edges and acquired a 
polish after being in service for dis- 
tances ranging from a few inches to a 
few feet. Coring bits containing surface- 
set, whole-stone bortz in a tungsten 
powder matrix were employed. The 
cost assignable to bortz wear averaged 
$7.17 per foot. This item of expense is 
several times the amount normally 
expended in diamond drilling in firm, 
unfractured, granitic rocks. Diamond- 
impregnated, tungsten carbide bits 


San Francisco Meeting, February 
1949. 

TP 2580 A. Discussion of this paper 
(2 copies) may be sent to Transactions 
AIME before July 30, 1949. Manu- 
script received Dec. 1, 1948. 

* E. J. Longyear Co., Minneapolis, 
Minn. 


per foot, but the diamond chips became 
too polished for further duty in less 
than a foot of drilling. 

The Williamsville granite is pink and 
medium-grained. In the hand speci- 
men, it has a fresh, sound appearance; 
it is seemingly composed almost en- 
tirely of interlocking grains of feldspar 
and quartz and has no discernible 
features suggesting a greater durability 
than is usually found in rocks with this 
composition and texture. Microscopic 
examination, however, reveals a pre- 
dominance of feldspar grains with more 
or less regularly distributed and sharply 
angular masses of quartz (see Fig 1). 
The pattern assumed by the two 
minerals in this mode of occurrence is 
referred to as a “ graphic intergrowth,” 
as it bears some resemblance to the 
cuneiform characters of ancient Per- 
sian writing. The other principal 
constituents are quartz-free feldspars 
(microcline and orthoclase) and quartz. 
All of these constituents are in nearly 
equidimensional grains, ranging up to 
about 3 mm in length. There are also 
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FIG 1—Microgreph of granite from FIG 2—Microgreph of anorthosite from 
Williamsville, Mo. showing graphic inter- A\llard Lake district, Quebec. Plumose areas 
growths. White areas are largely quartz, with vermicular banding are myrmekite. 
those with black and grayish hues are mostly Grains with straight peralle! lines are labre- 
feldspar (orthoclese and microcline). Crossed dorite. Crossed nicols. Approximate magni- 
nicols. Approximate magnification: X 40. fication: X 40. (Reduced approximately one 
(Reduced approximately one fifth in fifth in reproduction.) 
reproduction.) 
ance of pneumatic percussion drills in also were used without success. The 
boring blastholes on a construction diamond wear was at the rate of $0.98 
sive loss of diamonds, however, soon 


Table 1 . . . Composition of Granite from Williamsville, Mo., and of 
Anorthosite from Allard Lake District, Quebec 


Williamsville Granite | Allard Lake Anorthosite 
(Estimated, Per Cent)| (Estimated, Per Cent) 
feldspar intergrowth..................... phic) 61.0 mn ite) 22.0 
Total quartz and feldspar..................... 97.5 97.0 
Ilmenite or 0.2 
Secondary probably largely epidote, chlo- 


many finer-grained, less abundant ac- 
cessory minerals and alteration prod- 
ucts, including magnetite, green biotite, 
muscovite, chlorite, and leucoxene. 
The amount of each mineral present, 
estimated in a study of two thin sec- 
tions, is listed in Table 1, and to 
facilitate comparisons, the components 
of the Allard Lake anorthosite are also 
given. 


Drilling im the Allard Lake 
Anorthosite 


According to accounts received from 
others,* prospecting in the Allard 
Lake district of Quebec for ilmenite 
entailed drilling in anorthosite and 
ilmenite ore, and in gradations between 
these two classes of material. Where 
the rock was dominantly ilmenite, the 
cost per foot and the drilling speed were 
about what would be expected in 
drilling in the Canadian Shield. Sec- 
tions of anorthosite, on the other hand, 
were reflected by a slower rate of pene- 
tration and by an increase in the 
destruction of bortz. In anorthosite, a 
new bit would cut satisfactorily during 
the first few feet of drilling, but almost 
without fail the diamonds would ac- 
quire such a smooth polish in a 10-ft 
run as to make the bit unfit for further 
use in this kind of rock. Frequently, 
however, it was feasible and economi- 
cally worth-while to do additional 
drilling in ilmenite ore with these worn 
bits before returning them for resetting. 

Whole-stone, surface-set bits with a 
beryllium-copper matrix were supplied 
for the work. All were EXT, a Can- 
adian bit size, which, except for a 
slightly larger inside diameter, has 
dimensions identical with the EX size 
used in the United States. No attempt 
was made while conducting the work 
to maintain separate data on the re- 
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sults obtained in anorthosite and in 
ore, but subsequently, those associated 
with the project have made fairly 
accurate estimates which indicate a 
cost of $2.00 a foot, or more, as being 
chargeable to bortz loss while coring 
anorthosite. This figure is considered 
very large in relation to bit perform- 
ances in drilling the average pre- 
Cambrian rocks in Canada. 

As represented by pieces of drill core, 
the anorthosite is a pinkish gray rock 
with a large percentage of coarse, 
plagioclase feldspar grains attaining 
lengths of approximately 1 cm. Some 
smaller, irregular-shaped, hard, gray 
masses occur scattered throughout the 
rock, but as they are not conspicuous, 
they would probably be overlooked in 
a casual inspection. Under the micro- 
scope, it may be observed that three- 
fourths of the rock is labradorite and 
that the hard, gray masses, occupying 
much of the remaining one-fourth, are 
composed of myrmekite, a vermicular 
intergrowth of quartz and feldspar 
(see Fig 2). The areas of myrmekite 
consist of thin “‘wormy” layers of 
quartz alternating with similar layers 
of feldspar. As this intergrowth replaces 
the labradorite, it was probably formed 
after the crystallization of the labra- 
dorite but before end-stage, deuteric 
action had ceased. Inconsequential 
amounts of other minerals, such as 
magnetite, augite, hornblende, epidote, 
chlorite, apatite, and calcite are also 
present. Some of the epidote and cal- 
cite, and possibly one or two other 
minerals, occur in thin reaction rims 
around grains of labradorite. 


Ceneluasions 


There is little doubt that drilling the 
Williamsville granite and the Allard 
Lake anorthosite was affected adversely 
by the presence of quartz-feldspar 
intergrowths. On the basis of these two 
case histories, it is thought likely that 


rocks of this kind become progressively 
more unyielding as the content of 
quartz-feldspar intergrowth increases, 

Feldspar is softer and more cleavable 
than quartz, and therefore would 
probably yield more readily to the 
shearing forces set up, when bortz are 
forced onto it and the bit rotated. For 
this reason, it is thought probable that 
a hole being drilled in rocks like those 
described above would be, at all times, 
a small fraction of an inch deeper in 
the feldspar than in the areas of 
quartz-feldspar intergrowth. In this 
somewhat elevated position, the rela- 
tively hard, tough intergrowths would 
be in an advantageous situation for 
exerting counter forces against the 
cutting points and edges of the bortz, 
As a result, the points and edges would 
be sheared off, and the bortz rapidly 
would become too smooth for further 
effective drilling. It is also more than 
likely that the bit would abrade the 
feldspar contained within the inter- 
growths slightly in advance of the 
associated quartz, and in doing this 
would continuously expose tiny, sharp 
bodies of quartz on the surface of the 
intergrowth. These small quartz pro- 
jections, shaped somewhat like the 
teeth on a file, also would be instru- 
mental in putting a fine polish on the 
surface of the bortz. 

If the above conception of what 
takes place during the drilling of 
quartz-feldspar intergrowths is correct, 
the thought arises concerning the 
applicability to the problem of a bit 
made with very fine-grained diamond 
fragments in a suitable matrix. In 
using a bit of this type, the difference in 
relief between hard and soft constitu- 
ents in the rocks being drilled would be 
almost nil, and furthermore, fresh, 
angular, diamond pieces would always 
be available for cutting until the bit 
was run to destruction. 
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Safety Practices 
at the Crestmore Mine of the 


Riverside Cement Company 
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By R. H. WIGHTMAN* and G. H. ADAMS,* Members AIME 


In order to secure good results in the 
prevention of accidents, it is generally 
recognized that the desire for such ac- 
complishment, as well as the aggressive 
and constructive action to achieve it, 
must emanate from the Top Manage- 
ment and permeate successively down 
through the “Chart of Authority” to 
the workmen. 

Several years ago, with the above as 
a basis and with full support of the 
Top Management, the Mining Depart- 
ment started a program of selling the 
foremen and bosses the idea that safety 
could be achieved and that it was 
desired and required. Using psychol- 
ogy, persistence and numerous other 
methods, the foremen and bosses were 
finally impressed with the idea that 
“Tt can be done” and “It will be 
done.”” With this in mind, new ideas 
were brought forth by the foremen and 
bosses regarding the caving operation 
and the specific jobs in the operation. 
These new ideas were taken up in 
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round-table discussions and resulted in 
certain changes in the undercutting 
method and the actual drawing of the 
blocks. These changes resulted in in- 
creasing fragmentation of the blocks 
which prevented the usual hang-up 
areas in the blocks. With the rock 
smaller in size and within reasonable 
reach from the tapping drifts, accidents 
were prevented in the tapping section. 
At the same time, an enforced cam- 
paign of housekeeping throughout the 
mine was undertaken with very bene- 
ficial results. The foremen and bosses 
then, in turn, educated and trained the 
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workers themselves to become safety 
conscious. In so doing, a constant re- 
minder was given on all jobs assigned 
that the job was to be done safely as 
well as efficiently. No man is assigned 
a job who is not qualified for the type 
of work required. Efficiency and safety 
go hand in hand. 


Safety Rules 


To supplement and aid this safety 
conscious altitude, certain safety rules 
applicable to our operation, a modified 
block caving system of mining lime- 
stone, in addition to the established 
state regulations, were put into effect 
and enforced. The specific rules referred 
to above and which will be mentioned 
below are in most cases simply a means 
of applying and complying with the 
very adequate “‘Mine Safety Orders” 
issued by the Industrial Accident Com- 
mission of the State of California. 

Some of the safety rules and policies 
are as follows: 


All men are required to wear safety 
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shoes and hard hats. Certain jobs re- 
quire the use of safety glasses. Safety 
glasses are available to all men upon 


request. 

On the grizzly level each tapper must 
keep his working place clean and clear 
of broken rock. When blasting, the 
tapper turns on the blasting signal at 
the end of the drift where the blasting 
is to be done. The signal consists of a 
red light and an air whistle at the 
entrance to the drift. The signal also is 
connected with a howler on the haulage 
level, at a point directly below where 
the tapper is working, to warn the 
trainmen of blasting above. Tappers 
also turn on an air valve near the chute 
the tapper is working. The escaping air 
can be heard readily in the tapping sec- 
tion, and serves also as a warning and 
as an aid in clearing the area of smoke 
and dust. 

Another requirement which is con- 
sidered to be very important, in fact 
so important that noncompliance is 
cause for discharge, is that each tapper 
takes a dummy fuse with him and after 
spitting all his fuses for the blast he 
spits the dummy fuse. This dummy 
fuse must be equal in length to the 
longest fuse used in the blast. Count- 
ing the shots as they go off is difficult 
and even though the shots can be dis- 
tinguished and counted the tapper can- 
not return to the drift until the dummy 
fuse which he has carried with him has 
burned out. We are confident that in 
many cases the use of the dummy fuse 
has prevented men from walking back 
into their own blast. The tappers also 
are careful to notify any other tapper 
nearby when they are going to blast. 
(Cooperation among the workmen 
themselves is a great factor for the 
prevention of accidents.) 
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Tappers and drillers are required to 
cover the grizzlies with lagging before 
starting to drill. High or dangerous 
chutes are inspected by the tapper boss 
before the tapping driller starts to drill. 
Buffer timber or rail is installed in 
exceptionally high or wide tapping 
throats. Periodic inspection of the back 
of drifts is made by the timberman or 
tapping blaster. 

On the haulage level, one of two-man 
train crew always precedes the train 
when backing into a haulage drift. 
Trainmen are required to keep a port- 
able and detachable red light on rear 
car of each train. Periodic inspection of 
draw sets is made by the timberman. 

The trolley has automatic section 
switches. Wooden guards are placed 
over the trolley at draw chute posi- 
tions. There is an air whistle on the 
tipple approach to warn trainmen to 
swing in the trolley arm for proper 
clearance before the motor passes into 
the tipple. When blasting at either the 
tipple or pocket, the operator must 
throw a switch which turns on red 
warning lights at both places. 

Also, all foremen and bosses, as well 
as a number of key personnel, are 
trained in first aid work. 

Other features of our safety program 
include a Mine Safety Committee com- 
posed of a supervisor and mine em- 
ployees. This committee makes regular 
monthly inspections and submits rec- 
ommendations for better safety. These 
recommendations are taken up by a 
plant committee and action within 30 
days taken on those finally approved. 

A similar committee makes regular 
inspections for “good housekeeping” 
only; and a report of their ratings as 
to poor, fair, good, and excellent is 
posted on the bulletin board. It is felt 


that the effect of the report has been 
beneficial in creating a competitive 
spirit among the individual employees 
in keeping their respective working 
places in proper condition—and good 
housekeeping is an integral part of 
safety. 

A mine safety bulletin board is avail- 
able on which safety posters are dig- 
played, safety slogans are written and 
changed periodically; with the date of 
the last lost time accident, name of 
employee injured, and the number 
of days since the last lost time accident. 

The company encourages safety by 
the incentives of a monthly pay bonus 
to each employee in those departments 
completing a month without a lost 
time accident; a safety dinner awarded 
to each department that completes a 
year without a lost time accident; and 
the award of a safety medal for each 
supervisor whose crew completes a 
calendar year without a lost time 
accident. 

Other factors that have directly or 
indirectly helped us in our safety pro- 
gram are that our mine crew has been 
fairly stable and our “old timers” 
are thoroughly trained and qualified 
miners, are wholeheartedly for safety 
and will fight for it; and they are inter- 
ested enough to help train and ad- 
vise the occasional new men that are 
taken on. 

In the final analysis, a successful 
safety program depends principally 
upon the experience, common sense, 
attitude, cooperation, and the entire 
support of all individuals making up 
the working force. The Management 
takes every opportunity to compliment 
the employees for their effort and gives 
them credit for the splendid record 
achieved. 
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Sintering Characteristics 
of Minus Sixty-five and 
Twenty Mesh Magnetite 


By ALAN STANLEY,* Junior Member AIME, and JOSEPH C. MEAD 


Introduction 


The MacIntyre Development of the 
National Lead Co. is located at 
Tahawus, N. Y. The operations in- 
yolve the mining and concentrating 
of a titaniferous iron ore to produce an 
ilmenite concentrate and a magnetite 
concentrate. 

Construction of the MacIntyre plant 
was commenced during the summer of 
1941,when world conditions threatened 
to cut off the supply of Indian ilmenite. 
An open pit mining operation was de- 
veloped and the crushing and milling 
equipment put in operation in July 
1942. A general description of the oper- 
ation was given in the Adirondack 
Issue of Mining and Metallurgy for 
November 1943. The metallurgy of the 
mill operation was described by Mr. 
Frank R. Milliken,* Plant Manager, 
National Lead Company, MacIntyre 
Development, and presented at the 
AIME New York Meeting, February 
1948. 

The magnetite concentrate produced 
in the milling operation was too fine 
(minus 20 mesh) to be used directly in 
iron blast furnace operation, and most 
of the magnetite had to be stockpiled 
in 1942 and 1943. 

In 1943, the Defense Plant Corp. 
built a Greenawalt sintering plant at 
Tahawus, N. Y., to put the magnetite 
concentrate in a more suitable form for 
use in the iron blast furnace. 

The Greenawalt sintering plant con- 
sists of three 10 by 25 ft sintering pans 
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designed to produce 1800 gross tons of 
sinter per 24 hr. The vacuum to each 
pan is produced by two Greenawalt 
fans in series, pulling approximately 
30,000 cu ft of air per minute at 50 in. 
water gauge vacuum. The plant started 
operation in August 1944. The present 
plant production averages 25 tons per 
operating pan hour (approximately 224 
lb per operating hour per square foot 
of grate area) of plus 1 in. sinter. 

Raw feed to the plant consists of 
61 pct magnetite, 4 pct anthracite coal 
culm, and 35 pct minus 1 in. return 
fines which are conveyed to a pug mill 
where the materials are mixed thor- 
oughly and water added to give the 
mixture 5.5 to 6 pct moisture. The 
mixed prepared feed is conveyed to two 
4 by 10 ft vibrating screens where the 
minus 1 in. plus 5 in. return fines are 
screened out and discharged into a 
surge bin for use as a hearth layer. 
The minus 54 in. prepared feed is dis- 
charged into another surge bin for use 
as prepared feed. 

A charge car, electrically operated, 
having a capacity of one charge of 
prepared feed and several charges of 
hearth layer, lays a thin layer of plus 
5¢ in. return fines and 944 in. depth of 
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prepared feed into the pans. A fluffing 
roll and a vibrator on the car fluffs and 
spreads the prepared feed into the pans. 

An ignition car, electrically oper- 
ated, ignites the top of the bed with a 
30 sec flash burn. The 9}¢ in. bed sin- 
ters in approximately 13 min. Dumping 
the pan, and recharging and igniting 
the bed requires 2 min. 

To improve the quality of the 
ilmenite concentrate produced in the 
mill and to reduce the amount of 
titanium dioxide lost in the mill tail- 
ings and in the magnetite product, ex- 
tensive research work and pilot plant 
operations have been done on grinding 
the crude ore to minus 65 mesh size 
(rather than to minus 20 mesh) and 
concentrating it by a combination of 
magnetic separation (for magnetite re- 
covery) and flotation (for ilmenite re- 
covery). These tests have proved 
successful in increasing ilmenite re- 
covery and grade. 

With the development of the ilmenite 
flotation process to a stage where a full 
scale flotation plant was in the design 
stage, the problem arose of handling 
the 65 mesh magnetite concentrate that 
would be produced. In order to study 
and solve the problems of handling and 
sintering the 65 mesh magnetite in the 
sinter plant, a pilot sinter plant was 
secured from John E. Greenawalt. 

The effect of using 65 mesh magne- 
tite in the sintering operations was 
ther studied on the 2.4 sq ft test pan, 
operating under conditions as similar 
to the large plant as could be set up in 
the laboratory. 

A series of tests were run in the test 
pan on present sinter plant feed that 
had been mixed in the plant pug mill. 
An average production and an average 
quality of sinter produced in this series 
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FIG 1—Sinter pan and kerosene burner. 


of tests was established as a “ Stand- 
ard” (8.8 lb per min) to compare the 
sintering of minus 20 mesh magnetite 
with that of minus 65 mesh magnetite. 

The high points on each series of 
tests were repeated twice as a check 
on the original, to be sure that some 
unknown variable did not cause the 
change in the sintering performance. A 
test run of 10 pans was made on the 
mixture found to give the best produc- 
tion and quality. 


Precedure 


The pilot sinter plant included a 
sintering pan 2034 by 1634 in. and 
9 in. deep, an ignition hood, a pressure 
kerosene burner for ignition, a dust 
collector, and a 400 cfm vacuum fan 
rated at 54 in. of water (see Fig 1 and 2 
for instrument panel, sinter pan and 
kerosene burner). 

Vacuum was recorded on a Bristol 
meter, and exhaust temperatures were 
read from an electrical pyrometer. 

Magnetite of 65 mesh was prepared 
by grinding stockpile (20 mesh) mag- 
netite, to the desired size, in a batch 
ball mill, and filtering in a laboratory 
pressure filter, Table 1. 

The moisture obtained by this method 
of filtering was too high for pilot plant 
use (averaging about 9 pct) and it was 
necessary to dry a portion of the mag- 
netite prior to its use in the sintering 
operation. 

For the final “ production run” tests, 
rod mill screen undersize (20 mesh) was 
ground to 65 mesh, and the mag- 
netite was concentrated in a laboratory 


Crockett. 

Coal was obtained from the sinter 
plant stockpile, and when necessary, 
ground in a ball mill to the desired 
size. After several tests had to be dis- 
carded because of poor results caused 
by coal with high ash content, all coal 
samples were submitted to the labora- 
tory for ash determination. In order to 
eliminate one variable, only coal with 
a 10 pct or less ash content was used 
in the test work. 

Sawdust, when needed, was obtained 
from local mills; limestone and slaked 
lime were obtained from the Chazy 
Lime and Stone Co. 

The return fines, unless otherwise 
noted, were obtained by crushing plus 
1 in. sinter, produced in the pilot plant, 
in a jaw crusher and rolls and screening 
it to the desired size on a laboratory 
vibrating screen. - 

Screens for screening the sinter were 
made locally, as were sample racks and 
storage bins for the raw materials. A 
14 yard gasoline concrete mixer was 
connected to an electric drive and used 
for the mixing of all batches. Balances 
and a hot plate were provided for 
moisture determinations, and an elec- 
tric clock with a sweep second hand 
was used for timing the tests. 

A group of five persons was found to 
be the most efficient, as continuous 
test work required constant work by 
one man grinding magnetite and coal, 
one man preparing sized return fines, 
two men preparing batches for burning, 
and one man completing the necessary 
calculations and paper work. The last 
three men were required when the 
batches were burned. 


Table 1. . . Screen Analysis of Magnetite Products 


+28 | +35 | +48 | +65 | +100 | +150 | +20d | —200 

uke 8.3 16.4 19.5 14.8 12.1 9.2 5.2 14.5 
3.0 11.2 19.8 15.8 50.2 
Note: All references to 65 and 20 mesh magnetite refer to minus 65 and minus 20 mesh material. 
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FIG 2—instrument panel. 


Each batch mixed contained enough 
material for two tests. The charge was 
calculated in advance. A weighted mix- 
ture of dry and filtered magnetite was 
added to the mixer. This material was 
then mixed for 5 min and a moisture 
determination made. Using this mois- 
ture it was possible to calculate the 
exact amount of magnetite that had 
to be removed or added to the mixer 
to leave the required weight of mag- 
netite at 5 pct moisture. 

Then the remaining materials were 
added dry, and the necessary amount 
of water to provide the required mois- 
ture was sprinkled, with a sprinkling 
can, into the revelving mixer. When 
trouble with pellet formation occurred, 
the procedure was changed so that the 
necessary water was added to the re- 
turn fines, and then the wet returns 
were added to the mixer. The latter 
method was more satisfactory. 

Each hatch, unless otherwise noted, 
was mixed for 5 min again. 

A 15 lb bedding charge (minus 1 in. 
plus }4 in. sinter) was added to the 
pan for each burn. This gave a bedding 
depth of 1 in. Then the sinter pan was 
filled, with a weighed amount of mix, 
and dumped by hand through a | in. 
screen. The bed then was made level 
by scraping off the excess material. 
The weight of the mix in the pan was 
obtained by difference. The ignition 
hood was lowered into place over the 
pan, and the pressure kerosene burner 
was ignited, as the vacuum was turned 
on, and ignition took place for 30 sec. 
The hood was then raised. A record 
was made of the exhaust temperature 
as the burning proceeded and vacuum 
was recorded continuously with the 
Bristol meter. When the bedding on 
the grate bars glowed red (viewed by 
means of a mirror mounted to make the 
grates visible through a hole covered 
with glass in the bottom of the pan) 
the vacuum was turned off and the 
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sintered charge was dumped by in- 
yerting the pan. 

The results of the first pan of the 
mix were usually poor because a cold 
pan did not approximate actual oper- 
ating conditions. The second, or hot 
pan, gave results that could be com- 
pared more directly with sinter plant 
practice. 

After each pan was burned, the ma- 
terial was passed over a 1 in. Ty-Rock 
screen three times. The material re- 
maining as plus 1 in. was “sinter.” 
The minus 1 in. material was passed 
over a }4 in. Ty-Rock screen twice, and 
the plus }¢ in. material was “‘ bedding.” 
The remainder of the material (minus 
14 in.) was “return fines” (note: in all 
references to return fines in this paper, 
the bedding is excluded). 

In order to have a strength com- 
parison of the s‘nter formed by various 
mixes, a “ quality” figure was initiated. 
This figure was determined by screen- 
ing the cold (the plus 1 in. sinter was 
allowed to air cool overnight) sinter in 
the same manner as above. The weights 
of the plus 1 in. and the plus }4 in. 
were combined, and this total weight 
was divided by the weight of the hot 
lin. sinter to obtair relative “ quality.” 

Cycle time was figured by adding 
214 min to the burning time to allow 
for dumping and recharging the pan. 
Theoretical production in pounds per 
minute was determined by dividing the 
pounds of plus 1 in. sinter by the cycle 
time. In quite a few tests the amount 
of bedding and return fines produced 
was not sufficient for repeat opera- 
tions. Because of this some of the plus 
lin. sinter had to be taken to provide 
the amounts of these materials needed. 
Actual production was then the weight 
of plus 1 in. sinter remaining after 
bedding and return fines requirements 
were met, divided by cycle time. 


Discussion of Factors 
Investigated 


The following factors were investi- 
gated during the test period: 

(1) return fines, (2) coal, (3) mois- 
ture, (4) slaked lime and miscellaneous 
reagents, (5) oxidation, (6) limestone, 
(7) sawdust, (8) pellets, (9) “dust,” 
(10) mixing time, and (11) production 
runs. 


RETURN FINES 


As far as is known, there is no sinter 
plant in the United States that em- 
Ploys sized return fines as a necessary 
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FIG 3—Results of return fines series. 


metallurgical requirement for its oper- 
ation. Mr. Worm Lund, on a visit to 
MaclIntyre from Sweden, suggested the 
possibility of sized return fines in the 
sintering of 65 mesh magnetite. 

In the test plant at 20 mesh, return 
fines were not necessary for the produc- 
tion of good sinter. In many cases the 
return fines were detrimental to test 
plant production. This is especially 
true when the returns consisted mainly 
of raw magnetite, coal, and dust from 
the dust collectors. 

For sintering 65 mesh and finer mag- 
netite, return fines are absolutely neces- 
sary for sinter production. If efficient 
operation and economical sinter are to 
be had, it is necessary to have these 
return fines fall within definite size 
ranges. The secret of sintering fine con- 
centrates is to obtain proper porosity 
in the “bed” so that air can be uni- 
formly distributed throughout and 
burning can progress. 

A series of tests were run using minus 
44 in. plus 3; minus 3 plus 6, minus 6 
plus 10, minus 10 plus 20, minus 10 
plus 35, and minus 20 plus 35 mesh 
return fines. The best results were ob- 
tained from the minus 10 plus 35 mesh 
tests. Because of the difficulty that 
would be incurred by screening to these 
close sizes, a series was run using minus 
44 in. plus 0, minus 3 plus 0, minus 6 
plus 0, and minus 10 plus 0. The re- 
sults of this series can be seen in Fig 3. 
These tests were run with 4.0 pct coal 
and 25 pct return fines. 

As can be seen (Fig 3) the best re- 


sults were obtained using minus 10 
mesh plus 0 return fines. The best per- 
centage of this size return fines was 
determined by a series of tests (Fig 4). 
The results were satisfactory only as 
long as the minus 35 mesh portion did 
not exceed 25 pct of the total return 
fines weight. (This then would give a 
calculated minus 10 plus 35 mesh re- 
turn fines figure of 18.75 pct of the 
total weight of the charge.) 

A study of the results obtained using 
various amounts and sizes of return 
fines indicated : 

1. Proper porosity is essential in pro- 
ducing sinter economically : 

a. Too much porosity causes 
too rapid burning and re- 
sults in poor sinter. 

b. Insufficient porosity in- 
creases the burning time 
beyond economic limits. 

2. Excess returns weaken the sinter 
and cause a drop in production. 

3. By proper control of the size and 
amount of returns it should be possible 
to sinter magnetite finer than 65 mesh. 

4. More efficient sinter plant opera- 
tion could be obtained if the dust from 
the dust collectors and the finer por- 
tion of the returns were returned to the 
original source of sinter plant feed (for 
example: to magnetite filter). 

A 20 mesh magnetite will sinter with- 
out the addition of return fines, pro- 
viding adequate bedding is supplied, 
but blast furnace operations object to 
fines; this requires that the fine mate- 
rial be screened out and recirculated. 
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PERCENT RETURN FINES 
10 PLUS 35 MESH) 
PIG 4—Results of various percentages of 
minus 10 plus 35 mesh returns. 


PRODUCTION OF SINTER 
(LBs. PER wind 
20 


FIG 5—Effect of various percentages 
of anthracite culm 4 and 5 buckwheat 
coal on sinter production using 65 mesh 
magnetite. 


COAL 


Coal is used in MacIntyre sintering 
as the most economical local source of 
carbon. 

The amount and size of coal used 
is an important factor in a sintering 
operation. 

As can be seen in Fig 5, 4.0 pct coal 
produced the best results in sintering 
65 mesh magnetite. Both greater and 
lesser amounts of coal tended to slow 
the burning time and reduce the pro- 
duction of sinter. Insufficient coal did 


-not produce enough heat for proper 


sintering and excess coal caused too 
high a temperature, resulting in slag- 
ging and overoxidation with resultant 
poor sinter. This overoxidation was 
caused by an oxidizing atmosphere, 
and while reduction may have taken 
place during the initial phases of the 
burning, the final result was excess 
oxidation. 

On the theory that coal used in sin- 
tering should be approximately the 
same particle size as the magnetite, 
the coal for the sintering tests was 
ground to 65 mesh. This fine coal, at 
first, seemed to help sinter production, 
but sawdust was being used in con- 
junction with it. As testing progressed, 
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MESH SIZE OF COAL 


FIG 6—Effect of various mesh sizes of coal on sinter production using 
65 mesh magnetite. 


satisfactory results were not obtained, 
and it was decided to test various sizes 
of coal. These tests (Fig 6) proved that 
fine coal, rather than help, did much 
to deter good sinter production. The 
No. 4 and 5 buckwheat anthracite 
culm, as received for 20 mesh sinter- 
ing, gave excellent results and made it 


possible to eliminate sawdust from the - 


mix. 
The fine coal tended to plug most 
voids, and made proper air flow im- 
possible. The coarser coal left large 
voids as it burned, causing lower 
vacuum and faster burning time. 


MOISTURE 


The amount of water that can be 
added to a 65 mesh magnetite “mix” 
is limited. The “mix” will sinter, if all 
other proportions are correct, at a 
moisture between 6 and 8 pct, with 
the best results obtained at 7.5 pct 
moisture (Fig 7). 


PRODUCTION OF SINTER 
(LOS. PER min) 
60 


20 


60 7 8.0 9.0 10.0 
PERCENT MOISTURE 
FIG 7—Effect of various percentages of 
moisture on sinter production with 65 mesh 
magnetite. 


If the moisture is too high, the mix 
becomes semifluid and it is impossible 
to draw air through the bed. Thus, 
ignition is impossible. If the moisture 
is low, holes tend to form as the ma- 
terial is pulled through the grates. The 
air, following the path of least resist- 
ance, is drawn through the holes and 
thereby short-circuits the bed. Poor 
burning results and less sinter is 
produced. 

With 20 mesh magnetite, a wider 
moisture range is possible. Good sinter 
was produced with a moisture as low 
as 3 pet, and as high as 8 pct. How- 
ever, with 20 mesh magnetite, the per- 
centage of moisture required is closely 
related to the amount of dust present 
in the returns. If there were more than 
35 pct of minus 35 mesh material in the 
return fines, it was necessary to use a 
moisture of 7.5 pct (production with 
the same mix at 7.5 pct moisture was 
10.8 lb per min and at 6.0 pet mois- 


ture, production was 9.6 lb per min). - 


If the returns contain less than 35 pet 
minus 35 mesh material, best results 
are obtained with a 6 pct moisture. 


SLAKED LIME AND 
MISCELLANEOUS REAGENTS 


In an effort to reduce burning time, 
and thus increase production, slaked 
lime was added to the charge. A 10 pet 
increase in production was obtained 
with the addition of 0.7 pct lime to 
the 65 mesh mix (Fig 8). 

If an excess of lime is added, the 
charge will burn hot-and fast, with 
little sinter being produced. It is 
thought that the lime causes an in- 
crease in the surface tension of the 
water. With this higher surface tension, 
the water would fill less voids in the 
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Vacuum In. of Water 
Production Cycle | Tem ture 
(Lb per Time | Exhaust Gas | Quality Per Cent 
in) (Min) Degree C Beart End Lime 
” With 3 pet coal. .. 5.5 9.0 520 81.5 61 48 0.75 
With 4 pet coal... 11.0 10.0 325 82.2 57 53 0.75 


Table 3 . . . Effects cf Various Reagents on 65 Mesh Magnetite Sinter 
Per 


Per Cent} Production, Cont Plus Cycle Time, 

Reagent Reagent | Lb per Min 1 In. Sinter | Quslity 

0.005 | 8.1 64.2 86.0 15.0 

Calcium chioride............... 2.0 9.7 61.4 14.8 12.0 

0.05 |5.1 52.2 88.2 20.5 
Zine stearate... ... 0.5 (would not burn) 

Aluminum dust................. 0.5 5.8 54.8 718.9 18.0 


mix, thus leaving greater and more 
numerous voids than possible with un- 
adjusted water. With more numerous 
voids, a greater volume of air was 
drawn through the bed, lowering the 
vacuum, decreasing the burning time, 
and causing a higher burning tempera- 
ture. The addition of excess lime in- 
creased the surface tension to such an 
extent that an excess volume of air 
was drawn through the charge, causing 
such rapid and hot burning that little 
sinter was produced. 

If the percentage of lime was held 
constant and the coal percentage 
dropped, less sinter was formed because 
of higher burning temperatures. Higher 
burning temperatures slag the sinter. 

The results of Table 2 show that 
with 3 pet coal and 0.75 pct slaked 
lime, the mix burned hotter, and gave 
poorer results than those obtained 
using 4 pet coal and 0.75 pct slaked 
lime. This can be explained by the 
knowledge that a higher percentage of 
carbon causes excess slagging. This slag- 
ging reduces the amount of voids, and 
this tends to slow the burning rate. 
This shows, again, how critical the 
addition of lime would be in actual 
plant practice. If lime were added in 
excess, production would drop. If the 
amount of lime remained constant and 
the percentage of carbon dropped, pro- 
duction would again drop. Thus, if time 
is used in actual plant practice, efficient 
metallurgical and quantity controls 
must be provided. 

In order to check the surface tension 
theory, a series of tests were made using 
the following reagents (Table 3): (1) 
detergent (“ Dreft’’), (2) oleic acid, (3) 
calcium chloride, (4) pine oil, (5) zinc 
stearate, and (6) aluminum dust. 

It is known that a detergent reduces 
the surface tension of water. Thus, if a 
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detergent is added to the mix, a poorer 
sinter should result, because with a 
lower surface tension, the water would 
fill more voids. The results obtained by 
test work checked with this idea. When 
50 g of detergent were added to the 
mix, the mix became “ putty-like” in 
appearance and semifluid in nature. 
The sized return fines were completely 
disintegrated when they were placed in 
water containing a detergent. When 
this mix was added to the pan it was 
impossible to draw air through it, and 
thus it could not be ignited. 

Calcium chloride, which gives a sub- 
stantial increase in the surface tension 
of water, was next added to the mix. 
The calcium chloride decreased the 
burning time, but produced a weak 
sinter. The sinter cake actually ex- 
panded during burning when calcium 
chloride was in the mix. Why this ex- 
pansion took place is unknown. Cal- 
cium chloride could not be used in 
sinter plant operation because of the 
large amounts of chlorine gas liberated 
during the burning; however, it was 
used in the pilot plant because it was 
known to increase the surface tension 
of water. 

All other reagents tried gave poor 
results. 


OXIDATION 


For a short while during the test 
work, it was thought that the oxida- 
tion of the FeO to Fe,O; was an im- 
portant factor in strong sinter. To 
check this point many assays were 
made on magnetite feed, and sinter 
produced from this magnetite. As a 
result of a study of these assays it is 
thought that oxidation to a certain 
extent does produce stronger sinter by 
causing the iron molecules to share oxy- 


FIG 8—Effect of various percentages of 
slaked lime on sinter production with 65. 
mesh magnetite. ~ 


gen atoms. When oxidation progresses 
too far, the iron is oxidized completely 
and no longer shares oxygen atoms, 
thus producing weaker sinter. When 
oxidation is low, there is little sharing 
of oxygen atoms and again the sinter is 
weak. 


Table 4... Effects of Oxidation 
upon Quality of Sinter 


Magnetite 


Sinter 


Fe | FeO | Fe:O: 


Fe | FeO | Fe:0; 


57.0 |31.04) 46.99 |56.8/21.78) 57.06 | 75.8 
56.7 (31.61) 45.91 (56,016.52) 61.68 | 87.8 
58.0 |32.33) 46.97 |56.5| 9.63) 70.05 | 72.8 


Table 4 is representative of the 
average assays completed, and shows 
weaker sinter on both the high and 
low oxidation samples. 


LIMESTONE 


Because of the cheaper costs of lime- 
stone compared to slaked lime, it was 
thought desirable to check the effects 
of limestone in the “mix.”’ The lime- 
stone was sized from minus 6 plus 10, 
minus 10 plus 20, minus 20 plus 35, 
and minus 35 plus 65 mesh. In no case 
did the limestone help. This was prob- 
ably caused by the fact that the heat 
necessary to slake the lime evaporated 
all the moisture before the limestone 
was slaked, and thus the effect of the 
slaked lime on the water was lost. 


SAWDUST 


Sawdust was helpful when 65 mesh 
coal was used in the mix. The sawdust 
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PRODUCTION OF SINTER 


(L858. PER Min.) 
FIG 9—Effect of various percentages of 
sawdust on sinter production with 65 mesh 
magnetite. 


had a tendency to “fluff” the mix in 
the pan, and it also-made voids for air 
passage as the mix was burned. Fig 9 
shows a high point for sawdust addi- 
tion. As the percentage of sawdust was 
increased above 5, the mix burned very 
hot and fast and sinter production 
dropped. Sawdust elimination simpli- 
fied the general problem because of the 
difficulties that its handling would have 
entailed if it were needed for 65 mesh 
magnetite sintering. The use of No. 4 
and 5 buckwheat coal eliminated the 
need for sawdust. 


PELLETS 


A rotary mixer was used for pilot 
plant mixing. During the mixing of 
some batches, pellets were formed by 
magnetite building up around particles 
of return fines. The coarser the return 
fines, the larger the pellets would be- 
come. These pellets interferred with 
sinter production by causing short- 
circuiting of air around them because 
they had no porosity. Therefore they 
were unable to be sintered. The pellets 
were baked by the heat around them, 
but crumbled when subjected to the 
slightest pressure. No figures were ob- 
tained and the only method of making 
these determinations was by visible 
observation. 

In sinter plant operation, pug mills 
are used for mixing and this problem 
should not occur. However, if pellets 
do form, some method to eliminate 
them must be provided. This does not 
infer sintering of a completely pellet- 
ized charge was undertaken. In all 
cases the pellets were mixed with un- 
pelletized material, and under such 
conditions, were detrimental. 
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DUST 


Dust is defined in this test work as 
material in the return fines, less than 
65 mesh for 20 mesh magnetite sinter 
and minus 200 mesh for 65 mesh mag- 
netite sinter. After it was known that 
excess fine material would reduce sinter 
production with 65 mesh material, tests 
were made to determine what effects 
“dust” would have on minus 20 mesh 
material. It was found that if the 
moisture was increased as the percent- 
age of “dust.” increased, the amount of 
“dust” in the “mix”’ had little effect 
on sintering of 20 mesh magnetite. 


MIXING 


Early in the project, several mixing 
tests were run using pug mill discharge. 
When this material was further mixed 
in the rotary mixer, a sharp production 
increase was noted. This mixing was 
checked again at the end of the project, 
and no increase in production could be 
attained by further mixing. In some 
cases production fell off after additional 
mixing, probably caused by water fill- 
ing the voids in the return fines. It is 
thought that the pug mill blades, and 
other plant conditions were responsible 
for the poor results obtained during the 
first testing, but with the pug mills in 
good shape, as far as blade wear is con- 
cerned, a complete mix should be 
attainable. It was found that a 5 min 
rotary mix, after the magnetite had 
been brought to the correct moisture, 
gave the best results for rotary mixing 
in the test plant. 


PRODUCTION RUNS 


When the test work was completed 
it was necessary to test the best re- 
sults. For this purpose, several pans 
were burned in rapid succession to see 
how the “mix” would react in a hot 
pan over a period of time. The recom- 
mendations made were on the basis of 
the production run results. 


Cenelusions 


The best quality and quantity of 
sinter on this test pan were obtained 
with the following mix: 


4.0 pct coal 
25.0 pet return fines (minus 10 mesh 
plus 0) 
(at least 18.75 pct 
minus 10 mesh plus 
35 mesh) 


70.3 pet magnetite (minus 65 mesh size) 


0.7 pct slaked lime. 

The average production on the test 
pan with the above “mix” was 9.9 lb 
per min or 246 lb per hr per sq ft of 
grate area. This is slightly higher than 
average production in the sintering 
plant pans on minus 20 mesh magnetite. 

The pilot piant work indicates that 
minus 65 magnetite can be sintered in 
the sinter plant if close control can be 
maintained over the following items: 

1. Adequate amount of bedding ma- 
terial (minus 1 in. plus 44 in. return 
fines for hearth layer. 

2. Sized return fines (minus 10 mesh 
plus 0). 

3. Anthracite coal (size and moisture 
percentage). 

4. Moisture percentage in the “mix. 

5. Magnetite (moisture percentage). 

6. Percentage of magnetite, coal, 
lime, and return fines in the prepared 
feed to the plant. 

The results obtained in the sinter 
testing show that a more accurate 
metallurgical control on overall oper- 
ation will be necessary for sintering 
minus 65 mesh magnetite than is 
needed in present plant operation for 
sintering minus 20 mesh magnetite. 

Before the present sintering plant 
can handle minus 65 mesh magnetite, 
the plant flowsheet will have to be 
changed to include the conveying, cool- 
ing, screening, storing, and weighing of 
both return fines and bedding material. 

Because of the difference between 
the size of the test pan (2.4 sq ft 
grate area) further development work 
will be needed in the sintering plant. 
A production run of at least two 
months would be required on minus 
65 mesh magnetite to study the effect 
of the finer mesh size magnetite on 
the operation and maintenance of the 


plant. 
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Humphreys Spiral Concentration 


on Mesabi Range Ores 
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By WHITMAN E. BROWN,®* Junior Member AIME, and LOUIS J. ERCK+ 


The installation in 1948 of a Hum- 
phreys spiral concentrator section at 
the Hill-Trumbull plant of The Cleve- 
land-Cliffs Iron Co. is the latest com- 
mercial method on the Mesabi Range 
being used for the recovery of fine iron 
ore. In two stages of concentration 
84 spirals treat approximately 120 long 
tons per hour of minus }¢ in. ore. These 
spirals augment the production of the 
heavy-density plant which recovers the 
plus }¢ in. iron from the plant crude 
ore. Structure of the ore is such that, 
when crushed, about 50 pct of the plant 
erude is minus 1¢ in. size. After de- 
sliming in a 66 in. Akins classifier, 
grinding the classifier product in a ball 
mill and again desliming in a 78 in. 
Akins classifier about 15 pct of the 
crude ore remains to be treated in the 
spiral plant. 

Overall recovery of the ball mill feed 
in the Hill-Trumbull spiral plant dur- 
ing the 1948 season was about 53 pct 
of the weight and 66 pct of the total 
iron content. Of the actual feed de- 
livered to the spirals from the 78 in. 
classifier 64.9 pct of the weight was 
recovered containing 73.7 pct of the 
total iron. The average analysis of the 
spiral concentrate is 55.05 pct Fe and 
14.83 pct SiO». 

An average of mill assays during the 
1948 season is given in Table 1. 
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Table 1 . . . Average of Mill Assays 


during 1948 

Assays, Pct 
Product 

Fe SiO: 

product (bell mill 
44.20 | 31.47 
48.50 | 24.84 
I concentrate............. 55.05 | 14.83 


The Hill-Trumbull plants treat both 
wash ore and jig-type ore. During the 
1948 season spirals were used only on 
the fine sizes of jig-type ore. At times 
the deslimed minus 1 in. size is of 
sufficient grade to warrant bypassing 
the spirals but in the main the fine size 
is delivered to the 48 first stage spirals 
and thence to the 36 cleaner or second 
stage spirals. 

In the past several years numerous 
Mesabi Range ores in the fine size cate- 
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gory have been tested by a wide variety 
of beneficiating equipment. The pro- 
digious amount of research devoted to 
the recovery of values in the fine ore 
reflects the dire need of the iron indus- 
try to squeeze the last possible unit of 
iron from the mined ore and to develop 
suitable equipment and processes to 
satisfactorily concentrate the leaner 
horizons as they are encountered in 
the process of mining. Large govern- 
mental and private appropriations 
have been allotted, new laboratories 
built, research and technical staffs in- 
creased, and operator-manufacturer co- 
operative agreements applied to hasten 
the solution of the problem. 

The University of Minnesota, at its 
Eighth Annual Mining Symposium in 
January 1947, dedicated as its objec- 
tive the bringing to light of tech- 
nological developments in iron ore 
beneficiation. Papers were given at 
that time relating to processes being 
developed. Specifically, these papers 
reviewed flotation, Baum jig, selective 
media concentrator, Hardinge con- 
centrator, Dorrco sizer, heavy media 
concentration, Hydrotator, and the 
Humphreys spiral. 

The Cleveland-Cliffs Iron Co., after 
encouraging results from tests in a 
small pilot plant using one full size 
spiral, made the first commercial in- 
stallation of Humphreys spirals on the 
Mesabi Range at their Hill-Trumbull 
mine, Taconite, Minn. This company 
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FIG 1—Flowsheet of fine ore section Hill-Trumbull plant. 
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FIG 2—Flowsheet of solids distribution in spirel plant. 
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had tried in the laboratory and com- 
mercially, several other methods of 
concentration on the fine ores repre- 
sentative of the Hill-Trumbull group. 
These other methods of concentration 
failed to produce consistently an ac- 
ceptable grade and recovery of finished 
product. Such failure was largely be- 
cause of the inability to reject silica 
and interfering middling in the coarser 
sizes. This is particularly true of any 
method of concentration, either free- 
settling or hindered, in which a vertical 
component is used for eliminating the 


. middling fraction. Success of the spiral 


is partly because of the centrifugal 
force with a horizontal component, re- 
sulting in substantial elimination of the 


_ coarser middling and tailing fractions 


while treating a wide range of sizes. 


The Cleveland-Cliffs Iron 
Company Plant 


A general flowsheet of the plant 
treating the fine sizes of Hill-Trumbull 
jig-type ore is shown in Fig 1. Flow- 
sheet of solids distribution in the spiral 
plant is shown in Fig 2. Preparation of 
ore for the heavy-density plant is near 
standard practice. A slight divergence 
begins where the minus }¢ in. size ma- 
terial leaves the 66 in. Akins classifier 
as a product and is routed to a 6 by 
10 ft Allis-Chalmers ball mill. The ball 
mill operates in open circuit, is charged 
with 2 in. diam balls, driven by a 200 
hp motor and has a throughput of 
approximately 150 long tons of solids 
per hour. Pulp density in the mill is 
approximately 65 pct solids. The pur- 
pose of the bell mill is to subject the 
ore to a differential grind which liber- 
ates silica from the iron ore particles, 
and middling from the ore particles 
and from silica. It also assists in break- 
ing down porous iron oxide particles. 
The ground product flows into a 78 in. 
Akins classifier which makes a size sep- 
aration at nearly 200 mesh. The slime 
or overflow waste analyzes about 25 to 
30 pet Fe and 50 to 60 pct SiO». Classi- 
fier product containing about 75 pct 
solids drops onto a 4 by 8 ft. Allis- 
Chalmers Low-Head vibrating screen. 
The screen cloth has 1¢ by 2% in. 
slotted openings and is set with the 
long dimension of the slot parallel to 
the flow of the pulp. Experience has 
proved that as a general rule the plus 
4g in. particles, after the abrasion 
grind, are of acceptable grade for final 
plant concentrates. Average analysis of 
the screen oversize was 54.20 pct Fe 
and 15.24 pet SiO». Primarily, the pur- 
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Table 2.. 


- Power Distribution in 


Spiral Plant 
Hp-hbr 
nected Fon 
Vtem Horse- | Feed 
to 
power 
Mill 
Ball mill pad 10 ft).. 200 1.333 
78-in. Aki ne clase (deal 
ball mill 5 product)........... 20 0.133 
Vibrating screen a by 8 ty 5 0.033 
Concentrate pump (5 by 4 in. )..| 30 0.198 
Tailing (16 (10 by 50 .333 
60-in. A dewater- 
84 spirals......... 0.000 


Akins gem by Colorado Iron Works Co. 
Denver, Colo. 


test results indicated a differential 
was justified for good recovery and separation 
pose of the screen was for removal of 
tramp oversize to prevent plugging 
pipelines and ports in the spiral instal- 
lation. Usually the amount of screen 
oversize was a small percentage of the 
total feed and did not influence seri- 
ously the grade of the final concentrate. 
Screen undersize flows to a sump 
which collects feed for the 48 first stage 
spirals. These spirals produce a finished 
tailing, middling, and a rougher con- 
centrate. Middling is returned to the 
first stage feed sump. Rougher concen- 
trate drops into another sump which 
collects the feed for the 36 second stage 
spirals. The second stage spirals pro- 
duce a finished concentrate and a 
tailing. This tailing is returned to the 
first stage feed sump. A circulating 
middling is thereby accumulated in the 
rougher spirals consisting of the first 
stage middling and the second stage 
tailing amounting to about 15 pct of 
the new feed. Finished spiral concen- 
trate joins the }¢ in. screen oversize 
and is pumped to a 60 in. Akins classi- 
fier for dewatering prior to dumping 
into railroad cars. The heavy-density 
plant concentrates are dumped directly 


Spiral Plant Operation 
and Performance 


POWER 


Table 2 shows distribution of power 
requirements associated with this spiral 

As operated during the 1948 season 
and based on the 150 long tons of feed 
per hour, power requirements for ma- 
terial handling in the spiral section 
were 2.51 hp-hr per ton of concentrate. 
This is equivalent to 0.40 tons new feed 
per horsepower-hour and 0.21 tons 
finished concentrate per horsepower- 
hour. The only power used in the actual 
concentration is in the 78 in. Akins 
classifier; the remaining power is used 
in grinding and material handling. 


LABOR 


All 84 spirals are policed by one oper- 
ator who removes extraneous matter 
from the spirals, adjusts pulp density 
of spiral feed, and adjusts splitters and 
quantity of wash water. He also has 
time for additional duties including 
sampling and tending to the ball mill, 
pumps, classifiers, and screen. 

If there is a power failure the spirals 
empty themselves by gravity. 

Spiral operators are easily trained 
and after a reasonable length of time 
can become proficient. They are re- 
quired to observe structure of the ore 
and to note changes which would sud- 
denly increase or decrease the pulp 
density. When such changes occur, 
water is added or decreased to main- 
tain the proper pulp density and 
launder make-up water. Occasionally, 
the Hill-Trumbull plant crude ore does 
not provide a sufficient amount of 
minus }¢ in. material to adequately 
feed the spiral section. Before ringing 

for more feed the spiral operator con- 
sults the heavy-density plant foreman 
to determine how much more feed his 
section can stand. If the heavy-density 
plant is operating at maximum ca- 


Table 3 . . . General Operating 


Data 
Long tons new feed per hr.. 1.43 
Long tons new feed per day per sq ft 
(Inela only spirais which 
1163 sq of space for 
rou, and cleaners.) 
(8 pet minus 200 mesh) 
Wash water per spiral, gpm 5to7 
Wash water 420 to 588 
Solids in feed, pet.................. 30 to 45 
Pulp feed, gpm.................... 20 to 30 
Circulating load, pet............... 10 to 20 
Ratio of concentration, overall....... 1.89:1 
Ratio of concentration, spirals...... . 1.25:1 
Total water used, gpm.............. 2,600 
Total water per ton of feed 
(150 ton basis), gal............. 1,040 
(Includes water t im 78 in 
ns classifier ov 
in. sereen spray water, launder 
make-up water, pump water, and 
spiral wash water.) 
Average 
Assa 
Per Cent 
Fe SiO: 
Average 66 in. Akins classifier 
feed ( med abrasion 
product)............... 48.50 | 24.84 
| concentrate............. 55.05 | 14.83 
Spiral tailing................. 36.39 | 43.01 
t recovery (spirals 
Fe recovery (spirals only) 73.7 


coming to the spirals, this material is 
pumped to the 60 in. Akins classifier 
and loaded into the railroad cars with- 
out going to the spirals. The heavy- 
density concentrates then absorb the 
difference in grade to make a reason- 
ably satisfactory final mill concentrate. 
The other extreme has occurred in 
which the plant crude consisted of too 
much minus }¢ in. size material to 
treat in the spirals and the operator 
requests less feed. Fortunately these 
extremes are rare. If the tendency of 
the feed is.to contain an abnormal 
amount of the upper size ranges; the 
pulp density is adjusted to about 45 pct 
solids in order to recover the coarse 
valuable particles. Conversely, if the 
feed tends to contain abnormal amounts 
of the finer sizes the pulp density is 
decreased to recover the finer sizes. 
By visual observation of the spiral 
tailing a good operator can readily 


into the railroad cars. pacity and there is not enough ore determine adjustments needed. 
Table 4 . . . Monthly Summary of Spiral Performance Assays, Per Cent 
May June July August September October Average 
Product 
Fe SiO: Fe SiO: Fe SiO; Fe SiO: Fe SiO: Fe SiO: Fe SiO, 
TE eae tare ton rat. 41.47 | 35.12 | 46.36 | 28.21 | 43.41 | 32.16 | 45.67 | 29.67 | 42.68 | 33.89 | 42.40 | 34.75 | 44.20 | 31.47 
ee os ek -62 | 33.29 | 49.30 | 23.31 | 48.43 | 24.62 | 48.48 | 25.29 | 48.69 | 24.94 | 48.31 | 25.41 | 48.50 | 24 84 
Spiral concentrate 51.45 | 19.71 | 54.98 | 14.67 | 54.55 | 15.35 | 53.94 | 17.05 | 55.60 | 13.04 | 56.10) 138. 55.05 | 14.83 
Spiral tailing ee ialee so 5 5.5 thiee wale 37.88 | 40.42 | 41.11 | 35.65 | 35.11 | 44.73 | 34.45 | 46.33 | 33.50 | 47.79 | 33.65 | 47.07 | 36.39 | 43.01 
eight recovery, pct............ 34.94 59.04 68.87 71.98 65.76 65.30 64.90 
recovery, pet.............-. 42.18 65.84 79.49 80.10 16.45 75.83 73.67 
That portion of the mill product overflowed from the 78 in. in. Aline classifice is not shown above but averaged about 35 pet Fo and 69 pot SiOs Nass 
progress made in ue of Vy ~ "am Excluding May, the spiral feed in general is consistent, while the spiral concentrate 
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FIG 3—Feed distribution to four banks of first stage spirals. 


FIG 4—Part of the 48 first stage 5-turn spirals. Hill-Trumbull spiral plant 
of the Cleveland-Cliffs lron Co. 


‘os Table 5 . . . Screen Analysis of Ball Mill Feed and Product 


Ball Mill Feed Ball Mill Product 
Slee Cum |. Pet Com | Pe 
Pa .| We pa | 
Pet Fe | Pet Fe | Sid: 
+0.371 in. o.s2| 0.52| | 10.8 
in. +3 mesh| 0.09| 0.09 0.43 | 0.95| 44.6 | 30.2 
2:36; 2.45| | 184 | 1:76| 2:71| 53.4 | 15:5 
—64+8 15.14] 17.59| 47.4 | 26.0 | 5.36| | 16.8 
23:66 | 41.25| 465 | 278 | 8.96| 14.32] 50:2 | 2271 
—14 + 28 21.56 | 62.61| 12.4 | 34:5 | 16.42| 30.74| 46.3 | 28.2 
—28 + 35 11.13 | 73.94| 39.9 | 38:7 | 10.30] 41.06| 42:3 | 34.1 
—35 + 48 7.71| 81.65| 40.4 | 37.8 | 11.17| S2.21| 41.5 | 36.0 
—48 + 65 6.15| 87.80| 41.5 | 364 | 9.00] 61.21| 41.8 | 36.1 
—65 + 100 3.11 | 90.91| 40:1 | 39.1 | 7.18) 68.:39| 40:1 | 38.9 
—100 + 150 2.41| 93.32| 321 | 51.5 | 4.63| 73.02| 35.2 | 45.9 
=150 + 200 2'56| 95.88| 19.0 | 702 | 411| 77.13| 29.0 | 55:6 
200 4.12 | 100:00| 17.4 | 72.7 | 22.87| 100:00| 35.1 | 54.3 
Total 100.00 | 100.00 | 41.5 | 35.1 | 100.00 | 100.00| 41.4 | 37.9 
When the structure of the ore is such Data pertinent to spiral operation 


that the deslimed minus \ in. ore 
reaching the spirals is of acceptable 
shipping grade it is sent directly to 
the concentrate thickener and the 
spirals are bypassed. 
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representative of the early part of the 
season of 1948 are given in Table 3. 
Average results by months are shown 
in Table 4. 


GRINDING 


The 6 by 10 ft Allis-Chalmers ball 
mill was fed 150 long tons of solids per 
hour. Preliminary laboratory tests on 
this ore showed a distinct advantage 
in both grade and recovery if the fine 
ore were given a differential grind. 
Grinding is fast and in open circuit. 
Table 5 shows the size distribution 
before and after abrasion grinding 
giving analysis of samples from a single 
shift and illustrating results obtainable 
from abrasion grinding of this ore. The 
table shows that at about 35 mesh the 
finer sizes begin to appear in larger 
weight percentages in the product than 
in the feed. Iron content also goes up 
in the finer sizes in the ball mill product 
indicating some grinding action on the 
locked iren and silica as well as on the 
silica alone. Silica content in the coarse 
sizes has been materially lowered as far 
down as 35 mesh. The bulk of the 
grinding work appears to be on the 
minus 6 plus 28 mesh sizes. 


CLASSIFICATION 


The 78 in. Akins classifier which re- 
ceives the ball mill discharge helps 
concentrate the ore to a slight degree 
by desliming at about 200 mesh. Classi- 
fier overflow contains about 80 to 90 pct 
of minus 200 mesh solids and the prod- 
uct about 6 to 7 pct of minus 200 mesh 
solids. The overflow rarely contains 
more than 30 pct Fe. 


SCREENING 


Nature of the ore is such that the 
plus }¢ in. particles after the abrasion 
grind are usually of sufficient grade to 
consider concentrate. The plus }¢ in. 
particles come from spillage and screen 
cloth wear in other parts of the mill 
ahead of the spiral section. Screen over- 
size is usually just a few tons per hour 
and if an excess amount appears the 
spiral operator notifies the foreman so 
that the condition may be corrected. 
The screen cloth, 4 ft wide by 8 ft long 
and containing 14 by 23¢ in. slots, was 
tried with the long dimension across 
the line of pulp flow and parallel with 
the flow. When the slots were placed 
across the flow, screening was highly 
inefficient and it was nearly impossible 
to get good size separation at a rate of 
120 tph. Turning the slots parallel to 
the flow immediately permitted easy 
and effective separation. A slotted 
screen is not the most desirable type 
to use for preparing a spiral feed. Flat 
ore particles are difficult to recover in 
the spiral as such particles when caught 
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by the fast water in the spiral tend to 
remain there and are discharged as 
tailing. A granular or blocky type of 
feed is more satisfactory unless, of 
course, the flat particles are gangue. 
Screen analysis of the ball mill product 
shows that the coarse sizes have a 
higher iron content than the fine sizes. 


FEED DISTRIBUTION 


To first stage spirals: 

On leaving the first stage feed pump 
the pulp enters an 8 in. vertical pipe. 
A Humphreys dividing head with four 
horizontal 314 in. pipe size outlets is 
located on top of the pipe. The outlets 
are branch lines, each containing the 
pulp feed for one bank of 12 spirals. 
These branch lines are horizontal 
334 in. pipes with pinch valves for 
closely equalizing and regulating the 
pulp flow to each bank of spirals. A 
6 in. vertical pipe is attached to the 
end of each horizontal line and atop 
each 6 in. pipe is a 12-way Humphreys 
dividing head with 1}¢ in. side outlets. 
Each 1}; in. outlet provides feed for 
one spiral. Fig 3 and 4 illustrate the 
piping used in the distribution system 
of the first stage spirals. 

To second stage spirals: 

Pulp leaving the second stage pump 
enters a vertical 8 in. pipe. On top of 
the 8 in. pipe is a tee which is reduced 
to two 4 in. horizontal outlet pipes, 
splitting the feed evenly two ways. At 
the end of each horizontal outlet a 
vertical 6 in. pipe rises to an 18-way 
Humphreys dividing head with 134 in. 
side outlets. Each 1}, in. outlet pro- 
vides feed for one spiral. Fig 5 and 6 
illustrate the piping system for feed- 
ing the 36 second stage spirals. 


Spiral Concentration 


Structure of the ore to be concen- 
trated affects grade and recovery of 
spiral products. At the Hill-Trumbull 
plant two types of ore are treated in 
the spirals: 

1. Hard dense hematite with very 
little limonite and at times containing 
some taconite. Very fine grinding would 
be required for complete liberation of 
silica from the iron oxide. The concen- 
trate is characterized by a high silica 
to iron ratio. The plus 14 mesh sizes 
of this type ore contain many flat 
pieces of iron oxide while the silica is 
rounded or blocky. 

2. Hard and soft hematite and limo- 
nite mixed with varying amounts of 
paint rock. Contained silica is liberated 
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more easily from the iron oxide parti- 
cles than in the other type ore. Spiral 
concentrate from this type ore usually 
contains less iron than the first type, 
but the silica content is lower. The 
reason for this is attributed to limonite 
in the concentrate. 

It is well-known that the structure 
of the ore varies widely, but screen 
analyses are not available to illustrate 
the extent of this variation. Table 6 
shows screen analyses of spiral prod- 
ucts during one shift in the early part 
of the season. Fig 7 is a graph showing 
spiral performance during this period. 
Good recovery is shown in all sizes 
down to 200 mesh. Minus 200 mesh 
particles require a greater degree of 


FIG 5—Feed distribution to two 
banks of second stage spirals. 


- FIG 6—Part of the 36 second stage 3-turn spirals. Hill-Trumbull spire! 
plant of The Cleveland-Cliffs lron Co. 


cleaning than the coarse particles. Also 
the nature of spiral action is such that 
the extreme fines are difficult to re- 
cover. Good grade and recovery from 
these cres is obtained down to plus 
28 mesh at which point the grade de- 
creases and the recovery increases. Re- 
covery begins to drop off in the minus 
150 mesh sizes but the cleaning is fairly 
good. 

In spiral concentration of an ore in 
which a large percentage of the weight 
and values is in the plus 35 mesh size, 
it is usually necessary to operate with 
a feed pulp density of about 40 pct 
solids and a pulp rate of 25 to 30 gpm. 
Both of these factors work against re- 
covery of fine size particles. The high 
density is necessary to forde the coarse 
iron oxide particles out of the stream 
and into the concentrate ports. The 
high pulp rate keeps the coarse gangue, 
fine gangue, and part of the fine iron 


suspended in the spiral stream. 

The first stage concentrate indicates 
good grade would be obtained if all the 
plus 35 mesh sizes could be removed 
as a finished product. This can be done, 
in part, as a large portion of the coarser 
sizes are removed in the upper turns 
of the spiral. Removal of a finished 
concentrate in the first stage would be 
desirable for several reasons: 

1. It is a good policy to remove a 
finished product as soon as possible. 
Second stage tailing contains some 
coarse iron recovered in the first stage. 
This tailing is returned to the first stage 
feed as part of a circulating load and 
hence is subject to possible loss in the 
tailing of the first stage operation. 

2. The load of the second stage 
spirals would be lightened. 

3. Circulating load would be de- 
creased and the overall capacity of the 
spirals could be increased. 
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FIG 7—Distribution of particle size in spiral products. 


4. Early removal of the coarse sizes 
would produce a closer sized product 
for the second stage feed. This would 
simplify spiral adjustments in the sec- 
ond stage and furnish a cleaner or 
higher grade product in the 28 to 65 
mesh size range. 

These items are under consideration 
as a possible flowsheet change. 

It would appear from the screen 
analysis given in Table 6 that too 


wide a cut was made in the first stage 
on the intermediate sizes resulting in 
taking into the concentrate and mid- 
dling too much silica and obtaining a 
low grade product. The zone of concen- 
tration is not sharp between the heavy 
and light minerals especially when the 
ore contains iron oxide particles with 
considerable range of specific gravity. 
Therefore it would seem better to keep 
the concentrate ports open rather wide 


to insure recovery of both coarse and 
intermediate sizes in the first stage. 
Limonite, paint rock, ferruginous silica, 
true middling, and porous iron particles 
having a specific gravity near 3.5 to 
3.8 tend to intermingle with silica in 
the zone of concentration. If too nar- 
row a cut is made the tailing is high in 
iron and the concentrate is not neces- 
sarily compensated or proportionately 
raised in grade. Removal of plus 28 
mesh after the first stage of concen- 
tration would prepare a better suited 
feed for second stage concentration. 
Studies are being made to determine 
the best method for this removal. 

An example of spiral results obtained 
when the grade of feed fluctuates 
widely between shifts is illustrated in 
Table 7. 

Mill reports give no explanation for 
the high tailing obtained during the 
11-7 shift although it would appear 
that the proper adjustments had been 
made on the 3-11 shift to compensate 
for the lower grade feed and then dur- 
ing the 11-7 shift when the grade of 
the feed increased, no adjustments 
were made. Such adjustments are 
necessary or more critical in ores of 
low concentration ratio, such as iron, 
manganese and chrome, than in other 
ores of higher concentration ratio be- 
cause of the large weight percentage 
that needs to be removed from the ore 


Table 6 . . . Screen Analyses of Spiral Products, Per Cent 
Feed (Screen Undersize) True Spiral Feed Ist Stage Tailing 2nd Stage Concentrate Recovery 
Size 
We | Fe | SiO: | Wt | Fe | SiO: | Wt | Fe | si0: | we | Fe | sid, | Total | Wein) Fein 
+0.371 in. 
— 0.371 in. + 3 mesh 
-3+ 0.95 | 60.20 9.20 0.19 0.18 0.74 | 62.80 6.30 0.56 
-6+8 3.68 | 58.30 | 12.10 2.85 | 58.90 | 10.90 5.00 | 48.40 | 25.50 2.87 | 62.90 5.80 2.19 | 68.3 | 73.69 
-8+ 14 12.46 | 57.90 | 13.30 11.86 | 56.60 | 13.60 17.02 | 44.70 | 31.70 9.96 | 63.60 5.50 7.59 | 69.8 | 76.67 
—14 + 28 21.90 | 52.10 | 21.40 20.98 | 51.50 | 21.40 22.30 | 44.50 | 44.50 18.85 | 59.00 | 12.30 | 14.38 | 52.4 | 59.34 
—28 + 35 15.00 | 49.20 | 25.80 14.83 | 47.60 | 27.20 7.86 | 27.00 | 58.50 17.05 | 53.00 | 20.20 | 13.00 | 85.4 | 92.00 
—35 + 48 15.03 | 50.10 | 25.05 13.22 | 47.50 | 27.70 3.98 | 21.10 | 67.40 18.14 | 52.20 | 21.80 | 13.83 | 93.5 | 97.42 
—48 + 65 8.30 | 50.80 | 23.80 10.00 | 47.70 | 27.40 2.34 | 19.80 | 69.3 13.05 | 53.60 | 20.50 9.96 | 91.7 | 96.75 
—65 + 100 8.10 | 51.50 | 23.25 7.44 | 48.00 | 27.70 2.96 | 22.30 | 65.90 10.02 | 55.10 | 18.30 7.64 | 89.0 | 95.22 
—100 + 150 4.25 | 50.20 | 24.95 4.56 | 45.80 | 30.20 3.22 | 25.10 | 61. 4.83 | 56.40 | 16.70 3.68 | 80.2 | 90.11 
—150 + 200 3.56 | 44.80 | 33.10 3.33 | 40.80 | 37.70 4.96 | 24.10 | 63.20 2.82 | 56.40 | 16.90 2.15 | 64.1 | 80.70 
—200 6.77 | 30.60 | 53.70 10.74 | 32.80 | 49.70 30.18 | 28.80 | 56.30 1.67 | 43.50 | 28.40 1.27 9.1 | 14.42 
Total 100.00 | 50.44 | 24.24 | 100.00 | 47.96 | 26.90 | 100.00 | 33.01 | 49.61 | 100.00 | 55.87 | 16.74 | 76.25 84.45 
Ist Stage Middling 2nd Stage Tailing lst Stage Concentrate 60-in. Akins Overflow 
Size 
we Fe SiO: wt Fe SiOz wt Fe SiO: wt Fe SiO: 
+0.371 in. 
—0.371 in. + 3 mesh 
—-3+6 0.07 0.36 50.70 22.00 0.75 62.20 6.70 
-6+8 1.07 55.70 15.20 1.82 50.80 22.10 2.74 62.00 7.00 
—-8+14 8.75 58.30 11.10 14.75 54.00 17.60 11.83 62.00 7.20 
—14 + 28 22.06 53.30 18.80 33.63 47.30 27.70 21.92 55.60 16.30 
—28 + 35 16.57 43.50 33.30 16.13 38.70 41.10 16.41 50.30 24.00 0.05 
—35 + 48 16.12 37.40 43.00 10.74 ‘ 34.10 48.20 16.47 50.10 24.45 0.30 
—48 + 65 12.10 35.30 46.50 5.99 38.20 49.50 11.97 51.70 22.75 1.89 31.30 52.40 
—65 + 100 11.30 37.80 43.40 4.67 32.10 $1. 8.59 52.60 21.50 6.62 .00 49.80 
—100 + 150 3.83 41.50 37.90 2.46 32.20 57.70 3.84 53.00 21.30 10.57 37.30 43.70 
—150 + 200 4.72 45.20 32.30 3.38 35.10 47.70 2.89 51.20 23.60 14.24 .70 44.90 
—200 3.41 42.30 36.70 6.06 31.20 53.60 2.59 40.20 39.65 66.33 27.60 58.15 
Total 100.00 44.44 32.50 100.00 42.24 35.87 100.00 53.46 19.73 100.00 30.36 54.05 
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(Tables 8 and 9). 

Example of shifts showing minimum 
and maximum recovery, not consecu- 
tive shifts, are given in Table 10. 

Low recovery shown in Table 10 is 
probably due to early season inexperi- 
ence in operation of the spiral plant 
and an overall average shows that as 
the season progressed the metallurgical 
results were increasingly better. 


Summary 


Use of the Humphreys spiral concen- 
trator for treating minus }¢ in. iron ore 
to produce an acceptable grade concen- 
trate has been adopted and operated 
to the satisfaction of The Cleveland- 
Cliffs Iron Co. at the Hill-Trumbull 
plant on the Mesabi Range. 

The spiral section of the plant, dur- 
ing the 1948 season, concentrated jig- 
type or retreat ores at an average rate 
of 120 long tons per hour and recovered 
about 78 tph of concentrate. Average 
grade of concentrate in October as the 
season ended was 56.10 pct Fe and 
13.26 pet SiO». 

Spiral metallurgy was satisfactory 
and it is believed that even better 
results can be obtained. Studies are 
being made for possible future changes. 

The Cleveland-Cliffs Iron Co. has 
shown its desire to further the tech- 
nology of iron ore beneficiation by its 
willingness to try new methods. 
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Table 7 . . . Spiral Results Obtained when Grade of Feed Fluctuates 


Assays, Pct Recovery, Pct 
Shift Feed Concentrate Tailing 
a we Fe 
Fe SiO: Fe Fe SiO: 
7-3 51.80 18.50 58.50 85 34.30 45.60 72.3 81.4 
3-11 41.40 38.30 54.60 14.10 32.00 48.70 41.6 54.8 
11-7 53.20 16.10 57.50 .70 46.00 27.00 62.6 67.6 


Table 8 . . . Example of Minimum Variation in Quality of Feed 


Assays, Pct Recovery, Pet 
Shift Feed Concentrate Tailing 
we Fe 
Fe SiO; Fe SiO: Fe | SiO: 
11-7 53.0 20.10 56.70 14.30 34.20 47.40 83.50 89 30 
7-3 52.7 21.40 56.70 15.20 36.50 4.40 80.20 86.30 


Table 9 . . . Example of Results Obtained from Low Grade Feed and High 


Grade Feed, Not Consecutive Shifts 
Assays, Pct Recovery, Pct 
Feed Concentrate Tailing J 
wr Fe 
Fe SiO: Fe SiO: Fe SiO: 
35.7 42.30 51.10 17.65 23.00 62.30 45.2 64.7 
56.7 16.00 59.50 12.50 41.80 36.60 84.2 B88 4 


Table 10 . . . Example of Shifts Showing Minimum and Maximum Recovery 


Assays, Pct Recovery, Pct 
Feed Concentrate Tailing 
Wt Fe 
Fe | SiO: Fe Fe SiO: 
Low recovery 52.30 17.90 56.50 11.60 50. 20.70 30.0 32.4 
High recovery 52.30 15.50 54.50 12.70 37.70 88.1 91.4 
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Formation and Properties of Single 
Crystals of Synthetic Rutile 


0000 00 00 00000 000000 000 00000 00000 


By CHARLES H. MOORE, JR.,* Member AIME 


Introduction 


In the study of the properties of 
rutile pigments it became apparent 
several years ago that certain physical 
and optical properties could not be 
determined on particles of pigmentary 
size. Since reflected light is the domi- 
nant type which reaches the eye from 
small particles, the true color of pure 
rutile was not known. Most rutile pig- 
ments are acicular in habit, elongated 
parallel to the “ec” axis. It was con- 
sidered important to know the nature 
and tone of light transmitted, for ex- 
ample, by a basal plate. Further, as 
shown by spectrophotometric curves, 
there is a very strong absorption of 
light of 4000 A as measured on parti- 
cles with random orientation. It would 
be interesting to see whether this ab- 
sorption position varied with predeter- 
mined and selected orientations. Also, 
since the behavior of titanium pigments 
in a vehicle is important, a knowledge 
of the surface wettability of single 
crystals by various media should prove 
very fruitful. Finally, the optical prop- 
erties of rutile are such that it should 
show, in a single pure crystal, greater 
fire and brilliance than the diamond. 
Mineralogists had long speculated that 
this would be the case and curiosity 
was strong to produce a single crystal 
large enough to cut. 

Tn light of the above, a project was 
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initiated for the formation of single 
crystals of rutile. 


Methed of Formation of 
Ratile Single Crystals 


Fortunately, purification of TiO, 
produced from both titanium tetra- 
chloride and titanyl sulphate solutions 
had reached the stage where spectro- 
graphically pure starting material could 
be made. Spectrographic analysis of the 
feed material used in the initial experi- 
ments is compared with the present 
feed material in Table 1. It is apparent 
that the present large scale purification 
is approximately as good as the original 
experimental, small scale purification. 

Verneuil' produced synthetic ruby 
and corundum in 1904 by the well- 
known flame fusion process, which 
today bears his name. Except for me- 
chanical improvements the present 
commercial production of synthetics 
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Table 1 . . . Comparison of Original 


paper. 


and Present Feed Material 
inal Present 
Feed Material | Feed Material 
SiO. <0.02 0.04 
Fe:0s <0. 001 <0. 001 
Al:Os <0. 001 ‘001 
Sb20; <0. 002 <0.002 
Sn0> <0. 001 <0. 001 
Mg 0. 0005 0. 0005 
Cb <0.005 <0.005 
Cu <0. 0001 0001 
<0. 002 <0 002 
Mo <0. 00005 <0. 00005 
Ww <0. 005 <0. 01 
Vv <0. 0005 <0. 002 
Ca <0.01 
Cr <0. 0001 


by flame fusion is essentially unchanged 
from his initial method. His burner 
consisted of an inner orifice through 
which was fed the feed material and 
oxygen. Surrounding this was a larger 
outer orifice through which was fed hy- 
drogen at lower pressure. This arrange- 
ment consists then of a lance of oxygen 
burning in an atmosphere of hydrogen. 
The proportions of hydrogen to oxygen 
usually used in corundum production 
is about 3:1, providing there is sufli- 
cient temperature to reach the 2050°C 
required for the fusion of alumina. 
From work done in the Titanium 
Division Laboratories? and from the 
published work of Erlich? it was known 
that rutile appears to lose oxygen near 
its melting point and that it would not 
be possible to grow single crystals in a 
strongly reducing environment. Conse- 
quently, in order to determine whether 
single crystals could be grown at all, 
an Airco oxygen-acetylene torch with 
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twin nozzles was set up as shown in 
Fig 1. A hopper, consisting of a 6 in. 
length of mullite furnace muffle 1}¢ in. 
in diameter was mounted vertically, 
with the bottom covered by a 100 mesh 
wire screen. A glass funnel leading to a 
copper tube was mounted below the 
hopper, with the end of the feed tube 
terminated an inch above the junction 
of the flames from the two tips. The 
feed material was vibrated through the 
screen by means of a small magnetic 
vibrator attached to the side of the 
hopper. 

The tips of the torch were bent 45°, 
so that they faced each other. They 
were wound with }{, in. copper cool- 
ing coils and inserted through holes cut 
into a porous refractory brick. A hole 
was cut in the center to admit the feed 
materiai and the brick cemented to the 
torch with sodium silicate cement. 

A preliminary furnace shell with an 
inside diameter of 2 in. was cast from 
the standard clay mix and the brick 
top with the torch inserted was rested 
upon it. In order to lower the fused 
material away from the flame, the fur- 
nace assembly was placed upon a 
scissors automobile mechanical jack, 
and the furnace lowered by hand. Small 
crystals, approximately 1 to 2 mm in 
diameter and 4 to 5 mm in length 
were grown with this apparatus. This 
showed that in spite of its tendency 
for very rapid crystallization rutile 
single crystals could be grown by the 
flame fusion method. It was obvious, 
however, that with a point fusion zone, 
no crystals of appreciable size could be 
grown and that any crystals produced 
would be so badly strained as to be 
useless. In consequence we designed a 
burner which would provide the mini- 
mum reducing environment and which 
would enlarge the area of constant tem- 
perature, to yield a broader fusion zone 
without a horizontal thermal gradient. 

Where hydrogen and oxygen burn, 
an intense heat is created at the zone 
of mixing of the two gases. Turbulence 
of the gases broadens the zone but it is 
still a single reaction area. However, if 
an envelope of oxygen is made to sur- 
round the hydrogen to yield a three 
component, or three envelope, nozzle 
burning flame, there are two reaction 
zones with sufficient turbulence so that 
a constant temperature is maintained 
over the effective diameter of the 
nozzle. In addition, the outer oxygen 
envelope prevents excessive reduction 
of the TiO». A 0.5 in. nozzle diameter 
burner was built according to this de- 
sign and single unfractured crystals of 
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FIG 1—The first apparatus for attempted growth of 
single rutile crystals. 


pure rutile, 1 in. long and 0.45 in. in 
diameter, were grown. The burner is 
virtually fool-proof, and the only criti- 
cal factors are the relative space veloci- 
ties of the three gas streams. 

In order to prevent periodic cooling 
of the flame by the showers of feed 
material produced by the customary 
tapping of the hopper, a very sensitive 


hopper was designed and a vibrator 
employed in place of the tapper com- 
monly used on commercial burners. 
The constant flow of feed not only 
prevented the strain in the crystal 
which had formerly resulted from 
periodic cooling of the flame, but also 
eliminated the layer structure charac- 
teristic of Verneuil Process synthetic 
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FIG 4—Rutile single crystals showing improvement in single crys- 


tals. Early growth is illustrated by the two boules at left and current 
production by the three boules at right. 


crystals. This layer fusion had been 
deemed by Verneuil as an essential 
part of the flame fusion technique. 

It was also felt that the hand lower- 
ing of the growing boule must con- 
tribute to strain in the crystal, since 
any operator must of necessity lower 
the boule a minimum of several milli- 
meters if he is to keep up with the rate 
of boule growth and hold the fusion 
zone at a constant position in the flame. 
Therefore, a variable speed motor was 
attached to a worm gear and the pedes- 
tal lowered automatically. A provision 
was made also for a variable speed 
rotation of the pedestal in the event 
this was found to facilitate crystal 
growth. This original design burner and 
apparatus is illustrated in Fig 2. 
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The control of flow of oxygen and hy- 
drogen to the burner is of the greatest 
importance. This was accomplished, in 
the 0.5 in. burner, by reduction valves 
on the tanks followed by low pressure 
diaphragm valves in the line; and which 
were followed in turn by needle valves 
in front of the rotometers. A simul- 
taneous shut-off valve also was used. 
A filter of Spanish moss placed in the 
line removed excess moisture from the 
gases but is not considered essential 
when gases of normal purity are used. 
Pigtails connecting two tanks each of 
hydrogen and oxygen gave sufficient 
capacity of gas so that a 6 hr run could 
be made without shutting off, and 
without marked gas fluctuation. 

The final burner design is essentially 


the same, except for engineering im- 
provements, as the 0.5 in. nozzle 
burner. The present burners are 0.75 in, 
nozzle diameter and on which the hop- 
per and lowering mechanism have been 
materially improved. These burners are 
connected to fixed lines which are fed 
from a series of 5 hydrogen and 5 oxy- 
gen tanks (see Fig 3). 


Meehanism of Growth 


A congruently melting compound 
which has a melting point within the 
range of the temperature of combustion 
of hydrogen and oxygen is quite simple 
to grow as a single crystal. The only 
absolutely essential features are accu- 
rate control of gases, a burner which 
will yield a fusion zone with a low hori- 
zontal thermal gradient, and a perfectly 
straight spindle under the pedestal. 
The control of particle size and shape 
is essential for a commercial operation, 
since the particles must be absorbed 
into the molten surface and melted 
completely as rapidly as possible. 

Single crystals of rutile are grown in 
the following manner. The burner is 
cut on, the sintered alumina furnace 
(234 in. id) is closed and the chamber 
allowed to heat for several minutes, 
The pedestal, consisting of any suffi- 
ciently refractory ceramic material, 
usually alumina or stabilized zirconia, 
is raised until it is just below the hot 
zone of the flame, which has a very 
steep vertical gradient. The vibrator is 
then turned on and the feed material 
drops on the pedestal. The tempera- 
ture of the flame is held below the 
melting point of the compound by 
holding the hydrogen content of the 
flame low. A steep sintered cone is 
built up until the tip is approximately 
1 mm across. The hydrogen flow rate is 
then increased and the tip melted. If 
frozen at this point the tip is found to 
consist of 3 to 5 crystals with various 
orientations. If not frozen, it is allowed 
to grow up into the hottest zone of the 
flame. It is essential at this stage that 
the flow of feed be very concentrated, 
since the “‘foot”” must be kept narrow. 
This is necessary in order for one crys- 
tal to assume dominance and “freeze 
out” the others. After the foot has 
grown to a height of 4 to 6 mm, which 
takes about 5 min, the gas velocity 
is increased, the automatic lowering 
turned on anid’ the width of the grow- 
ing crystal is increased. This increase 
in velocity is continued until the de- 
sired width is obtained. The lowering 
rate is then synchronized with the rate 
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of crystal growth and the mechanism is 
allowed to run until a boule of requisite 
size is attained, when all gases are cut 
off simultaneously. After cooling in the 
furnace for 30 min the boule is re- 
moved. Although boules of large size 
can be grown, because of the increase 
in strain with size, the boules are re- 
stricted to approximately 100 carats 
(see Fig 4). 

Growth from a seed crystal is much 
simpler since the very critical “foot” 
stage is eliminated. However, this is 
not considered a desirable technique 
for commercial production because of 
the manpower-time requirements. Seed 
are usually cemented to the pedestal 
by an alumina-clay cement. The crys- 
tallographic orientation obtainable by 
growth from a seed does not appear 
necessary with rutile. Crystals grown 
from cones have the “‘c” axis less than 
olf tos vertical wide of the boule. 


Characteristics of Single 
Rutile Crystals 


Rutile single crystals grown by the 
above process are opaque black when 
removed from the furnace. However, 
because of the outer oxygen envelope, 
the rutile structure holds and there is 
no increment of Ti,O; in the entire 


’ structure. A measurement of the unit 


cell of this black material is nearly 
identical with that of the fully oxidized 
rutile structure, both having a tetra- 
gonal unit cell. The colorless crystals 
show 4.5815 and 2.9509 A, and the 
black shows 4.5820 and 2.9510 for the 
aand c¢ directions respectively.* This 
black material is a strong semiconduc- 
tor, and has a specific gravity of 4.268. 
It is possible to convert this material 
to colorless rutile by heating in a 
stream of oxygen. The oxygen addi- 
tion to the crystal is directly propor- 
tional to the size of the crystal being 
reoxidized and the temperature used. 
The degree of reoxidation is readily 
checked by color changes, as the ma- 
terial goes from black through deep 
blue to light blue to green to colorless 
with a yellow tone. The specific gravity 
of the clear material has been found to 
vary between 4.29 and 4.39.¢ As will 
be shown, this variation in optically 
identical material was also noted in the 
dielectric measurements. 

Table 2 shows hardnesses of the 
oxidation states of TiO, single crys- 


* Measurement made W. F. Sullivan of 
Division, R 
t Measurements were made by the dis- 
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Table 2 . . . Hardness of TiO: Crystals by Knoop Microindentation Method 
Orientation Standard 
Basal Plane Prism Face Pyra- 
mid 
ec” Axis Axis Face 
Mohs | Inden- 
Per Mineral | Hard- 
Par Par Direc- Axis 4 
allel | allel | tion of | dloular 
Axis Axis 
Perfectly orientated colorless 
pick 898 898 805*| 840 corundum 9 + 1,800 
940 topaz 8 +1,200 
Light blue partially reduced 
Dark blue cube............. 766 840 859¢| 885 orthoclase 6 
940 950 1,000« 767 
¢ Indicates erroneous readings caused by excessive brittleness. 
Table 3 . . . Change of Properties Upon Reduction 
with Long with Long 
Oriented Cube Penaitel vo don Parallel to 
| “e” Axis e” Axis 
tion phic 
Expo- 
sure tion Dielectric | Resistivity | Dielectric | Resistivity | Dielectric | Resistivity 
Constant (ohm cm) Constant (ohm cm) Constant (ohm cm) 
0 a ©55 3.14 XK 10° | 149 15.0 X 10% | 187 3.79 X 10" 
a £75 45x11 
c 3.5 1.55 x 104 
a 4.9 1.7 105 4.68 X 10*| 1.13 10* | 2.34 K 10*| 4.73 x 10° 
4 3.88 x 10*| 4.82 xk 10° 
c 3.16 X 10*| 6.33 K 106 
2. a 5.7 X 10¢ | 3.82 10* | 5.35 10*| 2.35 15* | 3.01 K 10*| 7.12 x 10° 
a 1.92 K 
3.0 10* 
3. a 4.58 X 4.2 X 10 | 4.15 10*| 3.39 10% | 2.22 10*| 9.5 x 10° 
4.58 x 10+ 
c 1.55 X 
4. a 4.42 X 10*| 1.275 X 2.95 x 10*| 2.82 10° | 1.59 2.37 x 10° 
& 4.24 10*| 2.24 10° 
| 3.64 X 1.55 X 10 
5. a 4.31 X 2.55 10* | 3.17 K 10*| 2.62 10* | 1.62 10‘/| 1.66 X 10° 
a 4.37 X 10*| 4.82 x 10 
c 4.8 xX 10¢ 2.64 10¢ - 
6. a 4.2 X 2.12 X 104 | 3.22 K 10*/ 2.82 108 | 1.79 10*| 9.47 X 10° 
_a  |3.53 & 10*| 7.06 X 
c 4.7 X 10¢ | 2.18 x 
7. a 4.25 3.27 10*| 9.42 105 | 1.81 
a 3.88 10*| 8.02 10 9.47 x 10 
c 5.67 X 10*| 4.97 
8. All samples indicate strong decay of dielectric constant during measurement. 
Cannot nt—resistivity too low. 


tals, measured by the diamond indent- 
or, commonly known as the Knoop 
microindentor. 

The synthetic material as measured 
by the Knoop microindentation method 
is universally harder than natural ru- 
tile, in that the latter is reported having 
a hardness of 6 to 634 Mohs scale, 
while the synthetic is as hard or harder 
than quartz in all directions. However, 
hardness measured in the direction of 
the ‘‘c’’ axis on the prism face exhibited 

a “ butterfly” fracture effect around the 
deena This indicates a relief of 
stress in a sharp angle cone, with the 
length of the indentation correspond- 
ingly shortened. This is brought about 
by an excessive brittleness in this direc- 
tion, making the indentation measure- 


ments in the direction of the “ce” axis 
unreliable. Such a phenomenon would 
be expected to occur if there exists an 
ye deficiency in the planes parallel 

“ce” leaving many broken bonds, or 
atoms are slightly displaced along 
these planes, creating a state of strain. 

Table 3 shows the dielectric measure- 
ments of single rutile crystals. These 
data show a marked change in dielec- 
tric properties, corresponding to the 
degree of “reduction” of the crystals. 
The measurements were made by the 
Crystal Section of the Naval Research 
Laboratory,‘ using a General Radio 716 
capacity bridge in conjunction with a 
simple sample holder. All samples were 
colorless material reduced by H, at 
600°C for the various time intervals. 
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FIG 5—Stone cut with table face perpen- 
dicular to “c’* axis. Culet appears without 
effect of birefringence. (< 10 magn.) 


FIG 6—Stone cut with table face at 45° to “c” axis. Bire- 
frigence causes culet to appear at two overlapping openings. 
(X 1234 magn.) 


FIG 7—Stone cut with table face parallel to ‘‘c"’ axis. Bire- 
frigence now causes culet to appear as two distinct openings. 
(XX 1234 magn.) 
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The samples were held at 5 min inter- 
vals for the first five steps, 10 min 
intervals for the next two steps and 
30 min intervals for the last three steps 
(with the latter held at 700 to 800°C), 
It was observed on making the reduc- 
tion tests on the oriented cube, that 
the cube was colored a faint blue in the 
region of the basal faces after 10 min 
while still colorless in the central por- 
tions. As reduction time increased the 
blue zone moved into the crystal from 
both basal planes. This supplements 
the evidence shown by the hardness 
tests that the greatest loss of the oxy- 
gen upon reduction is in the direction 
of the “c” axis. Since TiO, is tetrag- 
onal, one would expect, if the change 
from colorless to black is caused by 
loss of planes of oxygen atoms, that 
this loss would be in a preferred direc- 
tion. This is indicated by the evidence. 

In light of the physical data, certain 
facts are noted concerning the single 
crystal rutile structure: 

1. It is possible to vary these crys- 
tals from clear to opaque black without 
apparently affecting the volume or di- 
mensions of the tetragonal unit cell. 

2. There is a distinct difference in 
bonding between the planes of atoms 
parallel to the “‘c” axis and those in 
other directions. 

3. Differences in hardness, brittle- 
ness, specific gravity and dielectric 
constant occur in crystals which are 
identical in color. 

4. A given crystal can be taken 
through a complete cycle from color- 
less to a black semiconductor, appar- 
ently identical with the original furnace 
product, and back again to colorless, 
at least four times without materially 
affecting its properties. After six to 
eight cycles, the crystal becomes em- 
brittled. The ability of the crystals to 
reduce and oxidize without structural 
change indicate an elasticity of struc- 
ture not generally recognized. 

The concept that removal of oxygen 
atoms brings about a darkening of the 
color upon reduction, to yield an in- 
creasing increment of Ti** may be cor- 
rect, but it is difficult to apply to 
oxidation. A structure for the clear 
rutile analogous to FeO and FeS; 
should be considered as a possibility. 
These compounds exist as stable lat- 
tices with nonstoichiometric propor- 
tions of constituents. The strong 
covalent bonds necessary for such & 
cation deficient structure to exist have 
been shown, by dielectric studies, to 
occur in rutile.§ 

Rutile pigments show a strong ab- 
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FIG 8—Two half boules, the lower one dark blue end the 
upper one completely oxidized, with stones cut from each 
type. Smallest stones are 1.5 carats. 


sorption of light at 4000A to yield a 
higher increment of longer wavelengths 
in the transmitted light which results 
in a yellow tone. Single crystals of ru- 
tile are opaque to all wavelengths of 
light between 2100 and 3200A and 
transparent from 4100 to 6800A at 
77°K.* 


Synthetic Rutile As 
Gem Stones 


The indices of refraction of syn- 
thetic rutile, measured by a three 
circle goniometer on a 20° prism cut 
parallel to the “c” axis showed 
2.605 + 0.004 for the ordinary ray 
and 2.901 + 0.004 for the extraordi- 
nary ray. Sodium light was used. 
Measurements made by B. W. Ander- 
son and C. J. Payne’ on a cut rutile 
gem show very similar results. These 
values are within the range of the re- 
fractive indices of natural rutile. The 
refractive index, the marked dispersion, 
and the extremely high birefringence 
yields a brilliance and fire unrivalled 
by any other gem. The birefringe gives 
rise to a marked phenomena in the cut 
stones as illustrated by Fig 5 to 7. 
These photographs are taken of cut 
and faceted stones cut perpendicular 
to “ec” axis, 45° to “‘c”’ axis and parallel 
to “ec” axis, respectively. The well- 
known illustration of the double re- 
fraction for different optical orienta- 
tions is clearly shown by the single, 
overlapping double and apparently sep- 
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arate culets at the base of the stones. 

Even though the stone measured by 
Anderson and Payne was not cut to 
yield maximum values, the dispersion 
of the lowest index of refraction 
(0.2851) is six times that of a diamond. 
This dispersion of the extraordinary 
ray is even higher. This, of course, 
accounts for the tremendous “‘fire’’ of 
the material. 

The standard brilliant or diamond 
cut is satisfactory for rutile. Since this 
type of cutting is designed to give total 
reflection of light by the facets of ma- 
terial with a critical angle of 24° 
(diamond) it will, of course, also serve 
for material with a critical angle of a 
maximum of 18° (rutile). However, if 
desired, the 6° advantage rutile has over 
diamond could be utilized to allow a 
wider bottom internal angle (100° is 
critical for diamond) yielding a larger 
diameter stone for its weight. Fig 8 
shows boules and cut stones of syn- 
thetic rutile. 

Since the colorless rutile is not a 
duplication or imitation of a natural 
stone as are the other synthetics, it is 
probably the first truly new gem since 
the advent of modern jewelry. It is the 
first material whose optical properties 
are such that it is superior to diamond 
in both brilliance and fire. Its future in 
this industry at least seems assured. 
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Coal Washing in Washington, 


Oregon, and Alaska’ 
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By M. R. GEER and H. F. YANCEY,+ Members AIME 


Coal washing assumed an important 
role in the mining industry of the 
Pacific Northwest long before washing 
practice became firmly established in 
the Appalachian field. A Scaife washer 
was operated in the state of Washing- 
ton in 1887; and by 1927, the first year 
for which complete statistics were 
compiled, nearly a third of the state’s 
coal production was washed, in com- 
parison with only about 5 pct for the 
country as a whole. Mechanical prepa- 
ration was adopted in Alaska in 1922 
in a plant constructed by the United 
States Navy at Chickaloon to provide 
bunker coal for naval forces operating 
in northern waters. 

Many of the coal beds mined in 
Washington and Alaska contained more 
impurities than those mined elsewhere, 
and this circumstance contributed to 
the early interest in mechanical clean- 
ing. A much more important factor, 
however, was the inclination of the coal 
beds. With steeply pitching beds, hand 
sorting by the miner at the face is im- 
possible; consequently, all material 
must be loaded and dealt with on the 
surface, just as is now proving the case 
with mechanical mining of flat beds. 
Thus “full-seam” mining afforded the 
same stimulus to the early development 
of coal washing in the Northwest that 
it is providing under mechanization in 
the rest of the country today. 
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Object and Scope 


This report is intended to provide a 
general summary of the status of coal- 
washing practice in Washington, Ore- 
gon, and Alaska—an area in which 
some of the coals mined are more diffi- 
cult to wash than those mined elsewhere 
in the country. Detailed flowsheets of 
plants, statistical data on production, 
and cost figures have been omitted, 
largely for the sake of brevity but also 
because such information is principally 
of only local interest. On the other 
hand, considerable washability data 
have been included because they are 
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required to indicate the type of washing 
problems encountered in this area. 


Washington 


At present Washington leads all 
other states in the percentage of its 
total production that is cleaned me- 
chanically, 82.1 pct in comparison with 
the national average of 25.6 pct in 
1945.! The washing problems encoun- 
tered in this state are highly variable 
because the mountain-building forces 
that created the Cascade Range caused 
such intense folding and faulting of the 
beds in some fields that the rank of the 
coal was increased to anthracitic, while 
in other fields more distant from the 
mountains the beds were relatively un- 
disturbed, and the rank of the coal 
ranges down through subbituminous to 
lignitic. 

The complicated and burdensome 
schedule of sizes prepared in most coal 
fields has never been required by the 
Washington market. With but few ex- 
ceptions, lump is prepared on a round- 
hole screen of about 3 in. size, egg is 
about 3 to 15¢ or 134 in., and nut is 
15¢ or 134 in. to either 1 or 34 in. Some 
mines screen no finer than 34 in. and 
market a slack coal of that top size, but 
generally the coal is screened at about 
4 in. to give a stoker coal. of 34 or 1 to 
14 in., and a \ in. to 0 “ buckwheat.” 
During recent years the market for 
lump coal has largely disappeared, and 
lump is crushed to supplement the pro- 
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duction of stoker coal at most mines. In 
fact, at many operations shipments of 
jump coal rarely exceed 5 pct of the 
output. 


ROSLYN-CLE ELUM FIELD 


The areas of the Roslyn-Cle Elum 
field worked up until recent years are 
characterized by beds dipping only 10 
to 15°, and the principal bed, the 
Roslyn, is relatively clean. Thus me- 
chanical cleaning was not adopted in 
this field until 1935, when mining on 
steeper pitches and the introduction of 
mechanical loading in the flatter areas 
had progressed to a point where the 
amount of impurity hoisted with the 
coal was excessive. In that year clean- 
ing plants were built by the two princi- 
pal companies operating in the field, 
the Northwestern Improvement Co., 
coal-producing subsidiary of the North- 
ern Pacific Railway, and the Roslyn- 
Cascade Coal Co. 

Coal from the Roslyn bed is high- 
volatile A bituminous in rank. Con- 
siderable shale, clay, and a moderate 
amount of bony material contaminate 
the run-of-mine product, but it con- 
tains less than 1 pct of sulphur. Roslyn- 
bed coal, unlike many of the coals from 
western Washington fields, is only 
moderately difficult to wash. The quan- 
tity of intermediate-density material, 
on which the difficulty of washing 
chiefly depends, is, for example, less 
than that in the Thick Freeport bed of 
Pennsylvania but more than that in the 
No. 6 bed of southern Illinois. A 
specific-gravity analysis of 3 in. to 0 
raw coal from the Roslyn bed is shown 
in Table 1. , 


Table 1 . . . Specific-gravity Analy- 
sis of Raw 3 In. Slack from 


Roslyn Bed 
Cumulative 

Weight, | Ash,« 

Specific 
Gravity Cont | Cent | Weight, | Ash, 
Cent | Cent 
Under 1.30 46.5 6.6 46.5 6.6 
1.30 to 1.40 38.1 12.4 84.6 9.2 
1.40 to 1.60 7.2 27.1 91.8 10.6 
1.60 to 1.80 1.8 47.4 93.6 11.3 
Over 1.80 6.4 75.7 | 100.0 15.4 
Moisture-free basis 


Northwestern Improvement Co. was 
built to serve three mines, Roslyn Nos. 
3, 5, and 9; it has a capacity of 200 tons 
per hour. At the individual mine tip- 
ples, the raw coal-is screened at 3 in. 
round-hole size on shakers, the oversize 
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hand-picked, and the clean lump 
crushed and added to the 3 in. screen- 
ings to constitute the washery feed. At 
the cleaning plant the raw coal is pre- 
screened on a vibrator to give 3 to 15¢ 
in. egg, 154 to 34 in. nut, and 3 in. to 
0 slack. Each of these sizes is washed 
separately in Vissac, pulsator-type 
jigs of 60 tph capacity; separate single 
jigs serve for the egg and nut sizes, and 
the 3¢ in. slack is split between two 
units. The washed product from two 
slack jigs is screened on a vibrator 
dressed with }, in. cloth and the under- 
size rewashed on a group of six Deister- 
Overstrom tables. 

A refuse retreatment circuit was in- 
stalled in the plant several years ago. 
Refuse from the egg and nut jigs is 
crushed to 1 in. top size and, together 
with the refuse from the slack jigs, is 
rewashed in a small Elmore jig. Washed 
coal from the Elmore jig is crushed to 
pass }4 in. and joins the \ in. to 0 
material screened from the washed 
slack to form the feed for the wet tables. 
Final washed coal from the tables is re- 
covered in a drag-type settling tank 
and dewatered in a centrifugal drier; 
the effluent of the centrifugal drier is 
returned to the fine-coal circuit by way 
of the usual conical settling tank. The 
slack coal is further dewatered in a 
Vissac heat drier during the winter 
months. 

After washing, the egg and nut sizes 
are rescreened on shakers to remove 
degradation material. Egg, nut, 15¢ in. 
slack, and 34 in. slack are the sizes 
regularly-shipped, and much of the coal 
goes for railway use. The plant is 
operated under laboratory control, with 
samples for ash analysis collected from 
each car of coal shipped. 

The second washing plant in this 
field, operated by the Roslyn-Cascade 
Coal Co., treats coal from the No. 6 
bed. As shown by the specific-gravity 
analysis in Table 2, this coal is some- 
what more bony than that from the 
Roslyn bed. 


Table 2 . . . Specific-gravity Analy- 


sis of Raw 3 In. Slack from 
No. 6 Bed 
Cumulative 
Weight, | Ash,« 
Specie Per || Per 
vit; w Ash,* 
y Cent | Cent gem i 
Cert | Cent 
Under 1.35 60.3 9.5 60.3 9.5 
1.35 to 1.50| 23.4 | 20.7] 83.7 | 12.6 
1.50 to 1.70 5.7 37.4 $9.4 14.2 
Over 1.70} 10.6 | 74.7 | 100.0 | 20.6 
« Moisture-free basis. 


The run-of-mine product is screened at 
3 in., the oversize lump hand-picked, 
and most of the clean lump crushed in 
a pick-breaker to join the 3 in. screen- 
ings constituting the washery feed. A 
5-cell, 2-compartment, Baum-type jig 
of 80 tph capacity is used for cleaning 
3 to \ in. coal, and a Stump air-flow 
unit is used for the 4 in. to 0 slack 
After washing, the coal is sized on 
shakers to produce 3 to: 15¢ in. egg, 
15g to 34 in. nut, and 34 in. slack, the 
sizes normally shipped. A Ruggles- 
Cole heat drier is used for reducing 
moisture in the 34 in. slack during the 
winter months, and this product can 
be oil-treated for dustproofing if 
desired. 


WESTERN WASHINGTON FIELDS 


About 30 mines, most of them small 
truck operations, are active in western 
Washington at present, and over two- 
thirds of this number have washeries. 
The flowsheets employed at the small 
mines are almost identical; lump is pre- 
pared at 3 in. on a shaker, and the 3 in. 
slack is washed in a Forrester jig. In 
fact, the Forrester jig is standard equip- 
ment at small mines in the state. A 
single-cell, piston-type unit, the For- 
rester relies on manual control of refuse 
removal and hence is “only as good as 
the operator.” 

Largest of the western Washington 
plants, the washery of the Bellingham 
Coal Mines, located at Bellingham, has 
a capacity of about 1000 tons per day, 
using Forrester jigs for washing 4 to 
1\ in. coal, a Faust jig for nut coal, 
and wet tables for material finer than 
in. 

A 5-cell, 2-compartment, Baum- 
type jig installed several years ego at 
the Black Diamond washery of the 
Palmer Coking Coal Co. is employed 
for the 3 in. slack from several small 
mines operated by the company. Coal 
from a strip pit on the No. 12 or Fulton 
bed, a specific-gravity analysis of which 
is shown in Table 3, is particularly 
difficult to wash. This difficulty is 
illustrated in Fig 1 which compares 
the Fulton coal with the Roslyn and 
No. 6 bed coals previously described. 
It contains nearly 25 pct of impurity 
heavier than 1.70 sp gr and a large pro- 
portion of intermediate-density mate- 
rial. Moreover, much of the impurity is 
clay of such a plastic character that 
small particles adhere tenaciously to 
pieces of clean coal and can be removed 
only by vigorous sprays on the washed- 
coal sizing screens. 
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FIG 1—Yield-ash curves for Roslyn, No. 6, and Fulton beds. 


Table'3 . . . Specific-gravity Analy- 


Table 4 . . . Specific-gravityAnaly- 


sis of Raw Slack from sis of 344 In. to O Raw Slack 
Fulton Bed from McKay Bed 
Cumulative Cumulative 
Weight, | Ash,* Weight, | Ash, 
Specific Per "| Per Spee Per "| Per 
Gravity Cent | Cent | Weight, | Ash. vity Cent | Cent | Weight, | Ash. 
Cent | Cent Cent | Cent 
Under 1.40] 52.4 | 8.9| 52.4 | 8.9 Under 1.30| 60.1 | 3.0/ 60.1 | 3.0 
1.40t01.50| 12:1 | 26.5| 64.5 | 12.2 1.30t01.40| 140 | @8| 741 | 4.1 
1.50t01.70| 10.6 | 39.8| 75.1 | 16.1 1.40t01.50| 4.7 | 21.4| 78.8 | 5.1 
Over 1.70] 24.9 | 72.9 | 100.0 | 30.2 1.50to1.70| 5.1 | 38.8| 83.9 | 7.2 
Over 1.70| 16.1 | 71.6 | 100.0 | 17.5 
* Moisture-free basis. « Moisture-free basis. 
The McKay bed, best known of the berland by the Olson Fuel Co. A coal 


western Washington coals, currently 
is mined at Ravensdale by the North- 
western Improvement Co. and at Cum- 


of subbituminous A rank, the McKay 
has an inherent ash content of less than 
3 pet and thus is by far the cleanest coal 


Table 5 . . . Specific-gravity Analyses of Raw Wilkeson 1 In. Slacks 


Cumulative 
Weight, Ash,« 
Bed Specific Gravity Por Cont Per Cent 
Der Cont | Per Ca 
Per t | Per Cent 
No. 1, west dip Under 1.40 35.8 9.1 35.8 9.1 
1.40 to 1.50 13.2 23.4 49.0 13.0 
1.50 to 1.70 14.0 37.9 63.0 18.5 
Over 1.70 37.0 65.3 100.0 35.8 
No. 2, west dip Under 1.40 56.1 9.7 56.1 9.7 
1.40 to 1.50 13.0 24.3 69.1 12.4 
1.50 to 1.70 10.4 37.0 79.5 15.7 
Over 1.70 20.5 69.9 100.0 26.8 
No. 3, west dip? Under 1,40 47.8 9.1 47.8 9.1 
1.40 to 1.50 10.8 23.8 58.6 11.8 
1.50 to 1.70 10.8 37.8 69.4 15.9 
Over 1.70 30.6 70.6 100.0 32.6 
No. 5, east dip Under 1.40 78.5 8.1 78.5 8.1 
1.40 to 1.50 7.2 23.0 85.7 91.4 
1.50 to 1.70 5.4 36.3 91.1 10.9 
Over 1.70 8.9 65.1 100.0 15.8 
« Moisture-free basis. 
}4-in. slack. 
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in the state. The specific-gravity analy- 
sis of raw 3}< in. slack shown in Table 
4 demonstrates, however, that with the 
mining conditions prevailing at Ravens- 
dale a large quantity of impurity con- 
taminates the raw coal. 


A 2-compartment Elmore jig, re- 
cently rebuilt as a steel box, handles 
314 in. slack at Ravensdale. The 
washed coal is sized on vibrating 
screens to produce the conventional 
egg, nut, stoker, and buckwheat sizes. 
At this mine, as at many other opera- 
tions in the state, the sludge or slurry 
overflowing the washed-coal settling 
tank is flumed to settling ponds from 
which it is recovered ultimately by 
scraper. 


Pierce County contains the only re- 
serves of coking coal in the state, and 
coals from the Wilkeson-Carbonado- 
Fairfax district of this county were used 
for coke manufacture from 1880 to 
1936, when the demand for coke would 
no longer support continued produc- 
tion. With the advent of the late war, 
however, the demand for coke was re- 
newed, and a mine at Wilkeson was 
developed by the Wilkeson Products 
Co. to supply coal for a byproduct-coke 
plant at Tacoma. The washery con- 
structed for this mine is of interest 
principally because of the elaborate 
provision made for rewashing the coal. 
As shown by the specific-gravity analy- 
ses in Table 5, the beds mined at 
Wilkeson contain an excessive quan- 
tity of heavy impurity as well as con- 
siderable bony material. Fig 2 com- 
pares these beds by means of yield- 
ash curves. 


To deal with material of this char- 
acter, the raw coal was first put through 
a Bradford breaker to eliminate the 
coarse rock and break the remainder of 
the material to pass 1 in. The 1-in. 
slack was then washed in a Vissac jig 
s.t to produce a clean refuse and a 
washed product still containing some 
impurity. This washed coal was passed 
over a 1 mm wedge-wire screen, the 
c--+size was rewashed in a second 
Vissac jig, and the undersize was re- 
washed on a battery of 8 Deister- 
Overstrom tables. 


The washed product from the second 
Vissac jig was screened at 4 mm, the 
oversize material constituting finished 
clean coal and the undersize material 
being added to the table feed. Refuse 
from the second jig, in reality a mid 
dling product, could be either marketed 
as a high-ash steam coal or crushed to 
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pass } in. and added to the table feed. 
Most of the final clean coal was pro- 
duced on the tables. 

This elaborate schedule of retreat- 
ment was required to produce a washed 
coal of 11 to 12 pet ash, corresponding 
to a separation at a little less than 1.50 
sp gr, and demonstrates the type of 
washing involved if a very difficult 
coal must be washed at low specific 
gravity. The plant is not now operating 
and currently is offered for sale by the 
War Assets Administration. 


Alaska 


Coal production in Alaska during re- 
cent years has been divided about 
equally between the subbituminous 
coals of the Nenana field and the bi- 
tuminous coals of the Matanuska Val- 
ley. The subbituminous coals, mined at 
Suntrana, are clean enough to be pre- 
pared by screening and some hand 
picking. In contrast, the coals of the 
Matanuska Valley contain more im- 
purity than most so-called “dirty” 
coals mined in the United States and 
consequently must be washed to render 
them suitable for even the Alaska 
market. The proportion of washery 
feed rejected as refuse in Alaska aver- 
aged 33 pct in 1945, a far higher figure 
than that recorded for any state in the 
country.? 

In 1943 the Alaska railroad built a 
washery at its Eska mine to prepare 
coal for railroad use. All coal was 
crushed to pass a 244 in. bar screen and 
washed in a 3-cell, 1-compartment, 
Baum-type jig at the rate of 60 tph. 
Washed coal was sized into 1 in. nut 
and 1 in. slack on a vibrator. During 
the winter months coal finer than 3 in. 
was dewatered in a centrifugal drier. 
Detailed performance tests of this plant 
were made by the Bureau of Mines to 
determine the relationship between 
quality and yield of washed coal.? Since 
so little information is available on the 
operation of washers treating unusually 
dirty coal, some of the data from these 
tests are summarized here to illustrate 
the type of performance obtained. 

Table 6, giving the specific-gravity 
analyses of the jig feed by several size 
fractions, indicates that 40 pct of the 
raw coal is impurity heavier than 
1.70 sp gr and about 25 pct occurs 
between 1.40 and 1.70 sp gr. 

Actually, the concentration of im- 
purity in the material coarser than 
l-in. is so great that this size contains 
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FIG 2—Yield-ash curves for Wilkeson coal beds. 


little more coal than the refuse dis- 
carded at some washeries. Table 7 
gives the ash contents, yields, and 
efficiencies obtained in a series of 
three tests in which the jig was oper- 
ated to give a washed coal of increas- 
ingly lower ash content. 

Efficiency, as the term is used in 
Table 7, is the ratio of the yield 
of washed coal to the yield of float 


Table 6 . . . Specific-gravity Analyses of Various Sizes of Raw Coal, Eska 


coal of the same ash content present 
in the feed, expressed as a percentage. 
The efficiency of washing fell from 
96 pct in Test 1, in which a washed 
coal of 20.4 pct ash was obtained, to 
89 pct in Test 3, in which the washed 
coal contained 14.1 pct ash. These 
efficiencies are much lower than the 
values of 98 to 99 pct characterizing 
good washery performance, yet they 


Mine 
Cumulative 

Specific Wi t, Ash,* 

Size Gravity Por Gent Per Cent 
| 
Per t | Per Cent 
= 1.40 to 1.50 12.8 25.9 22.1 19.7 
1.50 to 1.70 18.7 38.8 40.8 28.5 
Over 1.70 59.2 72.2 100.0 54.4 
1 to % in. Under 1.30 15.3 4.7 15.3 4.7 
Weight, 29.1 pct 1.30 to 1.40 13.0 14.1 28.3 9.0 
1.40 to 1.50 13.8 26.5 42.1 14.7 
1.50 to 1.70 15.3 40.1 57.4 21.5 
Over 1.70 42.6 72.9 100.0 43.4 
20 Under 1.30 35.9 3.6 35.9 3.6 
eight, 35.4 pet 1.30 to 1.40 17.7 12.7 53.6 6.6 
1.40 to 1.50 9.3 25.3 62.9 9.4 
1.50 to 1.70 11.5 39.4 74.4 14.0 
Over 1.70 25.6 71.2 100.0 28.7 
Under 20 mesh Under 1.30 37.4 2.9 37.4 2.9 
Weight, 6.8 pct 1.30 to 1.40 17.6 9.9 55.0 §.1 
1.40 to 1.50 6.7 24.1 61.7 7.2 
1.50 to 1.70 8.4 36.2 70.1 10.7 
Over 1.70 29.9 69.7 100.0 28.3 
Composite, all sizes Under 1.30 20.7 3.8 20.7 3.8 
1.30 to 1.40 13.0 13.1 33.7 7.4 
1.40 to 1.50 11.4 25.9 45.1 12.1 
1.50 to 1.70 14.5 39.3 59.6 18.7 
Over 1.70 40.4 72.1 109.0 40.3 

« Moisture-free basis. 
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Table 7... Ash Content, Yield, and Efficiency, by Particle Size, Eska Mine 


Ash, Per Cent« Yield, Per Cent 
Size, In. and Mesh, Food Efficiency, 
Square Hole Bs t, Per Cent 
t Washed Float | Washed 
Feed | “Coal | Refuse | ‘Coal | Coal 
Test No. 1 
Over 1 28.7 54.4 25.9 69.1 35.2 34.2 97.2 
lt %. 29.1 43.4 23.1 72.8 60.4 59.1 97.8 
to 35.4 28.7 16.4 65.8 79.3 75.3 95.0 
nder 6.8 28.3 21.4 55.7 89.4 80.0 89.5 
eighted average 100.0 40.3 20.4 69.0 61.8 59.1 96.1 
Test No. 2 
Over 1 26.9 53.7 20.4 64.9 27.6 25.1 90.9 
to | 29.5 41.2 18.4 66.7 55.2 52.8 95.7 
to 20 35.6 28.0 14.2 62.8 76.2 71.6 94.0 
nder 20 8.0 27.1 19.9 53.5 89.0 78.4 88.1 
we average 100.0 38.8 16.9 64.6 58.0 54.1 93.2 
Test No. 3 
1 28.6 51.5 16.9 59.3 21.6 18.4 85.2 
lto 29.0 43.3 15.6 61.1 42.6 39.3 92.3 
if to 35.0 30.6 12.0 58.0 65.8 59.7 90.7 
nder 20 7.4 26.0 16.6 48.4 84.5 69.8 82.6 
Weighted average 100.0 39.9 14.1 59.1 47.8 42.7 89.0 
« Moisture-free basis. 


Table 8 . . . Specific-gravity Analyses of Raw Coal from Southport Mine 


Cumulative 
Weight, Ash,* 

Size, In. and Mesh Gravity Psy Per Cent Weight hohe 
Per Cent 

2 to 134 in Under 1.40 13.2 9.8 73.2 9.8 
Weight, 10.9 pct 1.40 to 1.50 10.6 22.9 83.8 11.5 
Ash, 22.4 pct 1.50 to 1.70 2.8 39.3 86.6 12.4 
Over 1.70 13.4 87.8 100.0 22.4 

¥yi.te in. Under 1.40 72.4 9.8 72.4 9.8 
eight, 21.3 pet 1.40 to 1.50 11.2 22.1 83.7 11.4 
Ash, 22.1 pct« 1.50 to 1.70 3.4 40.3 87.1 12.6 
Over 1.70 13.0 85.9 100.0 22.1 

0,78 iz. Under 1.40 72.4 9.4 75.4 9.4 
eight, 23.7 pct 1.40 to 1.50 9.9 21.2 85.3 10.8 
Ash, 20.1 pct« 1.50 to 1.70 3.7 39.0 89.0 11.9 
Over 1.70 11.0 86.3 100.0 20.1 

$6 Under 1.40 72.4 8.2 72.4 8.2 
eight, 36.2 pct 1.40 to 1.50 10.1 18.4 82.6 9.4 
Ash, 19.3 pet 1.50 to 1.70 3.6 33.6 86.2 10.5 
Over 1.70 13.9 74.0 100.0 19.3 

Unter 29 mesh Under 1.40 49.0 8.0 49.0 8.0 
eight, 7.9 pct 1.40 to 1.50 11.0 18.4 60.0 9.9 
Ash, 34.7 pet 1.50 to 1.70 ft 32.9 67.1 12.3 
Over 1.70 32.9 80.3 100.0 34.7 

Gomgosite Under 1.40 71.3 9.0 71.3 9.0 
eight, 100.0 pct 1.40 to 1.50 10.4 20.4 81.7 10.5 
Ash, 21.6 pete 1.50 to 1.70 3.8 36.5 85.5 11.6 
Over 1.70 14.5 81.0 100.0 21.7 


Moisture-free basis. 


do not represent particularly faulty 
jig operation. The percentage of 
coal in the refuse product was no 
higher than that obtained in normal 
jig operation, but the abnormal quan- 
tity of refuse rejected, ranging from 
40.9 pct in Test 1 to 57.3 pct in Test 3, 
made this nominal percentage of coal 
constitute a serious washery loss. 

With the conversion of the Alaska 
railroad from coal to oil, the Eska 
mine was closed and put in standby 
condition. 

At the mine of the Evan Jones Coal 
Co., a few miles from Eska, the coal 
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contains considerably less impurity 
but still constitutes a washing problem 
of more than usual difficulty. The 
egg, nut, and 34 in. slack sizes are 
washed separately in a single Forrester- 
type jig of about 30 tph capacity. As 
might be expected, manually controlled 
equipment of this type is not par- 
ticularly satisfactory for treating a 
difficult coal, even in the hands of an 
experienced, competent operator. Fluc- 
tuations in the quality of the washed 
coal occur, and the refuse product may 
contain more than the usual amount 
of coal. 


Coal occurs at a number of locations 


first washed at the Beaver Hill mine, 
which supplied fuel for the Southern 
Pacific Railroad in the early 1900's, 


product at about 4 in. size, hand- 
picking the lump, and optionally 
crushing the clean lump to join the 
screenings as feed for a Forrester- 
type jig. Washed coal is sized on a 
vibrating screen into the conventional 
egg, nut, and stoker sizes, with the 
material finer than 34 in. screened 
from the stoker coal and flumed 
to a storage pond for possible future 
utilization. 

Table 8 shows a specific-gravity 
analysis, by size fractions, of raw 
coal from this mine. The material 
represented was run-of-mine coal from 
which 5 pct of clean rock had been 
removed by hand picking. The re- 
mainder of the material was crushed 
to pass 2 in. square-hole. With less 
than 15 pct of impurity heavier than 
1.70 sp gr and little material of inter- 
mediate density, the Southport coal 
is cleaner than most Washington or 
Alaska coals. A washed product of 
12 to 13 pct ash, moisture-free basis, 
can be produced readily from this coal. 
The only difficulty encountered arises 
from the character of the clay that 
constitutes the principal impurity. 
This clay disintegrates readily in water 
and therefore tends to contaminate 
the finer sizes of coal, from which its 
removal is more difficult; the clay 
would also build up in a closed-circuit 
water system. 
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Oregon 
in western Oregon, but mining on a 
substantial scale has been limited to 
the Coos Bay field, on the southern 
The present Southport mine of the 
Coast Fuel Corp., started during the 
closing years of the recent war, also 
required a washing plant to remove 
the interbedded clay of the Beaver 
Hill bed. Located 5 miles south of 
Coos Bay, this plant incorporates 
provision for screening the run-of-mine 
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A Study of Coal Classification 


and Its Application 
to the Coking Properties of Coal 
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By MICHAEL PERCH, * Junior Member, and CHARLES C. RUSSELL, * Member AIME 


The fact that coal is a complex or- 
ganic material and heterogeneous in 
composition has made its study ex- 
tremely difficult, particularly in regard 
to obtaining a fundamental concept of 
the processes involved in the formation 
of coke. It has been stated’ recently 
that coals are natural polymers and 
that in a complex reaction such as 
occurs during carbonization the differ- 
ences between coals are quantitative 
and not qualitative. Such being the 
case, it would be expected, therefore, 
that a series of coals subjected to ex- 
actly the same conditions of coking 
would produce results that should be 
related quantitatively to the chemical 
analyses of the individual coals. In the 
past, however, this fact was not gener- 
ally recognized and consequently many 
empirical test methods were devised 
for testing coals. The interpretation of 
the results obtained depended upon 
comparing a set of data with other 
data on coals of known characteristics. 
The testing procedure had to be con- 
ducted in precisely the same manner 
each time and not the least require- 
ment in making the interpretation was 
experience. The test methods varied 
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from those utilizing a gram of coal to 
the plant-scale tests in which one or 
more ovens were charged with the test 
coal. The aim had been principally to 
find some simple, inexpensive means 
by which the coke-making and other 
properties of coal could be predicted. 
It is not necessary to emphasize the 
importance of these endeavors, for 
anyone acquainted with the problems 
involved in the selection of coals for 
making coke is well aware of the time 
and expense involved in making a series 
of definitive tests. 

Several attempts have been made to 
derive formulas for such predictions. 
The relations of both ultimate and 
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proximate analyses to coke physical 
properties and byproduct yields have 
been studied. Lowry and co-workers" 
correlated statistically the U. S. Bureau 
of Mines-American Gas Association 
assay test results with coal analyses, 
using 90 coals and coal blends. Parry,? 
Spooner,? and Gabinskii and Krym*‘ 
made similar correlations. Lowry con- 
cluded that there were definite relation- 
ships between the proximate analyses 
of the coals and the yields and proper- 
ties of the products. Although this 
statistical study was made on test 
results from carbonizing coal in a 
cylindrical steel retort, the conclusions 
are important and provided one of the 
first steps in the simplification of this 
complex subject. Studies should be 
made of other references on this sub- 
ject just cited. 

Studies of the coking process re- 
ported in the literature frequently were 
confined to a small number of coals, 
and very few have included coals from 
various ranks. It would seem logical, 
however, that a program for studying 
factors involved in the formation of 
coke should be based on a number of 
coals selected from each of the various 
classes or types of coking coal. The 
possible use of the scheme of classifi- 
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ASTM Standard Classification of Coals by Rank 


Table? ... 
Limits of Fixed Carbon or British . 
Class Group Thermal Units, Mineral-matter-free 
Basis 
1. Meta-anthracite BS, pat (ary VM, 2 
2. Anthracite ry FC. se or more and less than 
98 pct (dry VM, 8 pct or less and more 
I. Anthracitic than 2 pct) 
3. Semianthracite FC, 86 pct or more and less than | Nonagglomerating 
pet (dry VM, 14 pct or less and 
more than 8 pct) 
1. Low-volatile bi- | Dry FC, 78 pct or more and less than 
tuminous coal 86 pet (dry VM, 22 pet or less and 
more than 14 pct) 
2. Medium-volatile FC, 69 pct or more and less than 
bituminous coal 78 pet (dry 
more than 22 pc 
3. A| Dry FC, VM, more 
II. Bituminous tuminous coal tae = 3 pet); and ‘tu 14,000 


High- volatile B 
coal 


Moist Bt Btu, 13,000 or more and less 
than 14,000 

Moist Btu, 11,000 or more and less 
than 13,000 


Either agglomerat- 
ing or non- 
weathering 


IIT. Subbituminous | 2. 


. Subbituminous A 
coal 


Subbituminous B 
coal 


Moist Btu, 11,000 or more and less 
than 13,000 


Moist Btu, 9,500 or more and less than 
1,000 


Both weathering 
and nonagglomer- 
ating 


. Subbituminous C 
coal 


1 
Moist Btu, 8,300 or more and less than 
9,500 


1. 
IV. Lignitic 2. 


Lignite Moist Btu, less than 8,300 
Brown coal Moist Btu, less than 8,300 


Consolidated 
Uneonsolidated 


« FC, fixed carbon; VM, volatile matter; Btu, British thermal units, 


cation of coal by rank based on chemi- 
cal analyses as a tool in the study of 
the behavior of coking coal was empha- 
sized by the authors in 1942.5 It was 
said in part at that time,“ . . . a good 
understanding of the principles in- 
' volved in setting up the standard 
method of classification may lead to a 
better appreciation of the causes of 
changes in coke characteristics.” 

There is sufficient evidence obtained 
from past experience to indicate that 
characteristics of coke produced from 
a given coal are in some measure re- 
lated to the rank of coal. Broadly 
speaking, the high-volatile C bitumi- 
nous coals make very small fragile 
cokes if the coals coke at all; whereas 
the high-volatile A coals produce much 
better cokes. Although the low-volatile 
bituminous coals produce strong cokes, 
they cannot be carbonized unblended 
in byproduct coke ovens because they 
exert excessive pressures against the 
oven walls. While these generalities 
seem to be obvious, the question imme- 
diately arises as to whether or not 
small changes in rank produce quanti- 
tative differences in coking behavior. 

The purpose of this study is to pre- 
sent a discussion of coal classification 
by rank with the introduction of a new 
scheme developed by the authors. 
Some preliminary results of correlating 
coking behavior with coal rank will be 
presented. 


206 . . . Mining Transactions, Vol. 184 


Classification ef Coal 


The fact that coal is a natural 
product derived from a wide variety 
of vegetable matter that has been 
altered by bacterial action, heat, pres- 
sure, and time gives rise to a continuous 
series in which there are no obvious 
boundaries between different types. A 
method by which coals could be classi- 
fied was sought by a large number of 
investigators over a period of more 
than a hundred years. During that 
time a very large number of schemes 
were proposed. It would be impossible 
to present even a cursory account of 
the literature on classification. The 
reader is referred to an excellent re- 
view of the subject as written by 
Dr. H. J. Rose.* 

The methods devised in the past 
may be divided into three categories: 
(1) methods based on proximate analy- 
ses, (2) methods based on ultimate 
analyses, and (3) methods based on 
both proximate and ultimate analyses. 
The heating value of the coal is in- 
cluded in one or another of the schemes 
of classification and this property is an 
important factor in the standard pro- 
cedure for classification of coal by rank. 


ASTM CLASSIFICATION BY RANK 


Through the joint efforts of the 
American Standards Association, the 


American Society for Testing Mate- 
rials, and the American Institute of 
Mining and Metallurgical Engineers, 
the present American standard for 
classification of coal was established 
about ten years ago. This development 
of a classification scheme by the unified 
efforts of a large group of scientists and 
technologists of acknowledged reputa- 
tion was one of the outstanding accom- 
plishments in coal technology. Despite 
the widespread interest and activity 
that extended over a period of more 
than ten years in which the method 
was developed, it is surprising that 
little attention has been paid to apply- 
ing the method to coal carbonization. 
“The basis for the scheme of classifi- 
cation is the proximate analysis and 
the heating value of the coal. The fixed 
carbon of the coal is calculated to the 
dry, mineral-matter-free basis, and the 
heating value in Btu per pound is cal- 
culated to the moist, mineral-matter- 
free basis. Table 1 presents the details 
of the classification as designated by 
the ASTM. This scheme places all of 
the coking coals in the bituminous 
class. The ASTM Standards’ should 
be consulted for the various details 
of the specifications. Definitions 
of agglomerating, nonagglomerating, 
weathering, and nonweathering are 
given because these factors are used 
to separate the bituminous class from 
the anthracitic on the one side, and 
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from the subbituminous on the other. 
Each of the groups merges into the 
adjoining one and the boundary lines 
between the groups are arbitrary limits 
established by agreement. 

Fig 1 is a plot of more than 300 coal 
analyses of all ranks from meta-anthra- 
cite to lignite. This is a composite of 
the various charts shown in R. I. No. 
3296 published by the U. S. Bureau of 
Mines with the exception that the 
scale of the abscissa is reversed. The 
coal analyses used in the construction 
of these classification charts and also 
including Fig 2, 4, 5, and 6 were 
selected by the U. S. Bureau of Mines 
from their various bulletins and tech- 
nical papers on the analyses of United 
States coals. Although the method of 
classification that was finally adopted 
specifies the use of “bed moisture” for 
the correction of the heating value of 
coal to moist, mineral-matter-free 
basis, all analyses used in R. J. No. 
3296 are on the “as-received” basis 
and in consequence the charts devel- 
oped in this study of coal classification 
are also on the same basis. 

More detailed attention must be 
given to the terms “mineral matter” 
and “moisture” in this discussion, 
since a thorough understanding of these 
terms is not only necessary in con- 
sideration of the standard classification 
but also of the modified classification 
to be described in this paper. Mineral 
matter is the ash material as it exists 
in the original coal. During the de- 
termination of ash, the water of hy- 
dration of the slate, and so on, is 
driven off, and the pyrite which is 
represented by the chemical formula 
FeS, is converted to Fe,O;. The ash 
that is weighed in the determination 
is consequently of different compo- 
sition and weight than the original 
mineral matter. Parr and Wheeler® de- 
veloped empirical formulas by which 
ash as weighed could be converted to 
the original mineral matter. Coal cor- 
rected to the mineral-matter-free basis 
was called “unit coal” by those 
authors, but the ASTM has pre- 
ferred to designate this correction as 
“mineral-matter-free."’ The following 
are the formulas developed by Parr 
and Wheeler with some later amplifi- 
cation by these authors: 


PARR FORMULAS 


Dry, Mm-free FC 
FC — 0.158 
= 100 — (M + 1.08A + 0.555) 100 
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FIG 1—Classification of typical United States coals. (U.S. 
Bureau of Mines R.J. 3296.) 


Dry, Mm-free VM 
= 100 — Dry, Mm-free FC 
Moist, Mm-free Btu 
Btu — 50S 
= [00 — (1.08A + 0.558) * 100 
Where: Mm = Mineral matter 
FC = Fixed Carbon 
VM = Volatile Matter 


Btu = British thermal units 
Simplified formulas are given below 
called “Approximation Formulas.’’ The 
Parr formulas are accepted in all cases 
where litigation is involved. 


APPROXIMATION FORMULAS 


= 700 — (M + L.A 0.18) 1 
00 — Dry, Mm-free FC 


Moist, Mm-free Btu 
Btu 
—{(LIA + 0.18) * 100 

content of the coal 
used in the scheme of classification is 
the bed moisture. Because this factor 
is so important and possibly may be 
misunderstood, the following is a ver- 
batim copy from the ASTM standard’ 
in which the “moist” basis is specified: 

(d) In case the coal is likely to be 
classified on the “moist” basis, that is, 
containing the natural bed moisture, the 
samples shall be taken at freshly exposed 
faces, which are free from visible surface 
moisture if possible. Samples of low-rank 
coals which appear dry at the time of col- 
lection frequently give off moisture which 
condenses on the inner surface of the 
sample containers, before they are opened 
for analysis. In the case of coals which 
were free from visible surface moisture 
when sampled, but which show moisture 
on the inner surface of the container 
when opened, both the container and the 
coal shall be weighed before and after 


Mining Transactions, Vol. 184 . . . 207 


all 
aan | 
an 
| 
| 
Be 
ian 
mE | 
Bh 
| 
| | 
AVE AAR 
te . 
at 
y- 
nd 
ed S = Sulphur q 
he M = Moisture 
7 A = Ash 
by 
of 
uld 
ails 
Dry, Mm-free FC 
on 


3296 R.) 


DWN 


‘ 


air-drying and the total loss in weight 
shall be reported as air-drying loss. 

(e) If it is impossible to sample the 
coal without including visible surface 
moisture, and the coal is likely to be 
classified on the “‘ moist” basis, the sam- 
pler shall include the following statement 
in the description: “Sample contains 
surface moisture.” Samples so marked 
shall not be used for classification on a 
moist basis unless brought to a standard 
condition of moisture equilibrium at 
30 C. in a vacuum desiccator containing 
a saturated solution of potassium sulfate 
(97 per cent humidity) as suggested by 
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Stansfield and Gilbart.* Analyses of such 
wet samples which have been treated in 

- this manner shall be designated as “‘ wet 
samples equilibrated at 30 C. and 97 per 
cent humidity. 


Edgar Stansfield and K. C. Gi Mois- 


From the above, it is evident that 
the bed moisture is the amount of 
_water held within the particles of coal. 
It is not water on the surface that 
might come from overlying strata; it is 
not water held in chemical combination 
with either the coal substance or the 
mineral matter; it is water that can be 
expelled at 105°C, and it is water that 
is held within the pore spaces. The as- 
received basis on which coal analyses 
are frequently reported means that the 
analysis was made on coal in the con- 
dition in which it arrived at its desti- 
nation. The moisture content of the 
coal may or may not be the same as it 
was before mining, and such may be 
true for the other determinations. Coal 
sampled from the “face” in the mine 
may be wet due to ground water and 
in that case the moisture content of 
the sample will be higher than the bed 
moisture. Thus, moisture in coal as- 
received is not necessarily the same as 
bed moisture but in the case of samples 
taken at a fresh face in the mine, the 
moisture content may be very nearly 
the same or identical with bed mois- 
ture. As stated above, the analyses 
used in this study of classification of 
coal were made on the as-received 

basis. The samples for these analyses 
were all taken from the face. Appar- 


ently there is not sufficient information 
available to judge the condition of 
these coals at the sampling face in 
regard to moisture. In any event the 
moisture content as given may be too 
high in many cases but in no case is it 
too low. It is believed that in genera] 
the moisture content of the coals used 
is a fair approximation of the bed 
moisture with the possible exception 
of the coals in the anthracite group. 
Although the moisture content is 
much more important in the low-rank 
and noncoking coals and in that range 
is a significant factor in delineating 
coals, it also has some importance in 
the anthracite and meta-anthracite 
ranks. Variations in moisture content 
of coals of varying rank are shown in 
Fig 2 where it is seen that this con- 
stituent of coal is practically constant 
at 2 to 4 pct for semianthracite, low- 
volatile, medium-volatile, and most 
high-volatile A coals; but increases 
rapidly through the high-volatile B 
and C, subbituminous, and _ lignite 
coals, and less rapidly through the 
anthracite and meta-anthracite coals, 
That moisture is a fundamental prop- 
erty of the coal is indicated in Fig 3* 
where the relation between coal por- 
osity and volatile matter is illustrated. 
Comparing Fig 2 with Fig 3, there is 
evidence of similarity of curves with 
the minimum in both cases occurring 
at about 20 pct dry, ash-free or mineral- 
matter-free volatile matter. Variation 
of heating value on the dry, mineral- 
matter-free basis with volatile matter 
is shown in Fig 4 and it is to be noted 
that it is also similar to Fig 2 and 3 
although it bears an inverted relation 
to them. The maximum heating value 
occurs at about 20 pct dry, mineral- 
matter-free volatile matter. The source 
of data for Fig 2 and 4 is the same as 
for the classification curve in Fig 1. 


MODIFICATION OF ASTM 
CLASSIFICATION 


The study of the relation of coking 
properties to coal rank that will be 
described, resulted from an effort to 
use the standard method of classifica- 
tion for the prediction of the coking 
properties of coal. Many coals whose 
coking characteristics were known to 
the authors were superimposed on a 
chart similar to Fig 1. An examination 
of this plot indicated that in the high- 
volatile region of coals, for instance, 
there were cases where different coals 
having the same fixed carbon content 
on the dry, mineral-matter-free basis 
had quite different heating values on 
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the moist, mineral-matter-free basis as 
well as different coking characteristics. 
For example, some of the Illinois coals 
were found to have substantially the 
same fixed carbon as an Elkhorn seam 
and a No. 2 Gas seam coal, while two 
Pittsburgh seam coals from northern 
West Virginia had lower fixed carbon 
values than the Illinois coals, yet the 
Illinois coals were in the high-volatile 
B group and the others were of the 
high-volatile A rank. An examination 
of the coking behavior of these coals 
produced results that were equally 
anomalous. In other words, the stand- 
ard classification method did not lend 
itself readily to the correlation of the 
coking properties of different coals. 

The efforts of the authors, therefore, 
turned toward developing a method of 
classification that would be more adap- 
tive to such correlation. A number of 
methods were studied and finally the 
system shown in Fig 5 was obtained. 
In this scheme of classification the ratio 
of the {heating value of the coal in 
Btu per pound to percentage of volatile 
matter is plotted along the vertical 
logarithmic scale and percentage of 
volatile matter is plotted along the 
horizontal arithmetic scale. Both the 
heating value and volatile matter are on 
the mineral-matter-free basis and calcu- 
lated with the use of the approximation 
formulas given above. The former is 
also on the moist basis while the vola- 
tile matter is on the dry basis. In Fig 5, 
nearly all the coals of Fig 1 were used so 
that the two methods are comparable. 

Close examination of this plot re- 
veals that the points representing the 
Various coals fall very nearly on the line 
as shown from the anthracite group on 
the left and proceeding through the 
high-volatile A group on the right. 
The’ boundaries between the groups 
are distinct and according to the 
ASTM specifications. Below the high- 
volatile A group, the high-volatile B 
coals will be found to arrange them- 
selves in a line just below the high- 
volatile A; the high-volatile C coals 
are found just below the high-volatile 
B coals, and so on down through the 
lignites. 

While this plot achieved in a large 
measure the purpose of the study, the 
scattering of the coals below the high- 
volatile A group, even though fairly 
regular, was not entirely satisfactory. 
In seeking an explanation of the scat- 
tering, it appeared evident that the 
moisture content of the low-rank coals 
was accountable. By adding the mois- 
ture content to the dry, mineral- 
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FIG 5—Classification of typical coals of the United States. (Data from U.S. Bureau of Mines 


R.I. 3296 R.) 
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FIG 6—Classification of typical coals 


R.I. 3296.) 


Mining Transactions, Vol. 184 ...... 209 


of the United States. (Date from U.S. Bureau of Mines 


© High~ vetatite A Betuminess 
Sulbbbituminess A 
(2,000 © C 4 
| Vv 
14,000 
Ory, Mineral- Matter -Free Velahle Matter 
= 
| 
3° 
or- ~ 
tter 
ted | | | 
alue 
ral- 
ee 
he 
t © 
ston 
high “Bere” 
ance, | | | 
coals 
| 


DryMiceral-Matter~Free Volatile Matter Plus Moisture 


FIG 7—Relation of coal and coke properties to location of coals on classification curve. 


matter-free volatile matter and using 
the same values on the vertical scale, 
the plot in Fig 6 resulted. With this 
change the coals below the high-volatile 
A group are brought into line, although 
the coals in the semianthracite and 
anthracite groups are now a little 
scattered. 

A general examination of this modi- 
fied classification scheme revealed that 
the coals appeared to be aligned in 
order of their determined coking be- 
havior based on the experience in 


testing coals and coal blends in the 
movable-wall oven as well as in full- 
scale oven coking tests. Fig 7 has been 
constructed to show the classification 
curve in the bituminous group and on 
this curve have been plotted 36 coals 
whose coking properties were deter- 
mined in the movable-wall oven. The 
data show the Gieseler test values, 
pressures developed, tumbler test sta- 
bility factors of the coke, and ash con- 
tents of the coals charged. All of the 
coals used on this chart are unblended 
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FIG 8—Relation of maximum Gieseler fluidity to coal rank. 
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coals. Although it is evident that there 
are a number of cases where the se- 
quence of values of the coking behavior 
is not continuous in traversing the 
curve of coal rank, there is a very 
definite trend. A number of the cases 
where coals appear to be out of se- 
quence can possibly be explained by 
their ash content. In other cases, such 
exceptions might be explained by vari- 
ation in petrographic constituents and 
undoubtedly the inaccuracies of the 
testing methods available can account 
for other variations. It should be said, 
however, that the testing of the coals 
and the cokes produced was done by 
the standard methods. Every effort 
was made to conduct the tests as 
accurately as possible. However, it 
must be acknowledged that present 
procedures for measuring the physical 
properties of coke require further re- 
finement before satisfactory accuracy 
can be obtained. 


Cerrelation of Coking 
Behavier with 


Ceal Rank 
GIESELER MAXIMUM FLUIDITY 
A more detailed study was therefore 
undertaken to establish any relation 


between the classification scheme de- 
veloped and the coking behavior of 
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FIG 9—Correlation of Gieseler maximum fluidity and coal rank. 


coals. The Gieseler test'® for the plastic 
properties of coals has been used by 
Koppers Company, Inc., Research De- 
partment for about ten years and the 
data thus accumulated were first ap- 
plied. Fig 8 presents the relation of 
the maximum Gieseler fluidity of coals 
to coal rank as indicated by the dry, 
mineral-matter-free vclatile matter 
plus moisture. Only the coking coals 
are shown since the others do not ex- 
hibit fluid properties when heated. A 
relatively good correlation is evident 
with the points falling on or near a 
hump-shaped curve. Low-volatile coals 
exhibiting low fluidities are found at 
the lower left end of the curve. Further 
up the curve to the right are found 
medium-volatile coals and at or near 
the peak of the curve are found the 
highly-fluid high-volatile A coals. Along 
the downward portion of the curve to 
the right are found less fluid high- 
volatile A and B coals or coals con- 
taining higher amounts of oxygen. The 
peak of the curve is found to corres- 
pond to approximately 40 pct dry, 
mineral-matter-free volatile matter 
plus moisture. In other correlations to 
be shown later, it will be seen that the 
peaks also occur at about this same 
value. 

Fig 9 is a three-dimensional plot of 
Gieseler data in two quadrants. In the 
quadrant on the left, the plane of the 
base contains the classification curve 
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based on the moist, mineral-matter- 
free Btu divided by the dry, mineral- 
matter-free volatile matter plotted 
against the dry, mineral-matter-free 
volatile matter plus moisture. The 


vertical axis is the Gieseler maximum 
fluidity in divisions per minute. Data 
for the coals so far tested of various 
ranks lie on or near the plane surface 
shown in the figure. It will be evident 
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FIG 10—Relation of movable-wall oven maximum pressures to coal 
rank, 
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FIG 11—Relation of movable-wall oven maximum pressures to coal rank. 
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FIG 12—Relation of tumbler stability factors of movable-wall oven cokes to 
maximum Gieseler Auidities. 


that the curve of Fig 8 is a projection 
of this plane surface on the right hand 
vertical coordinate plane. The quad- 
rant to the right contains a base having 
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the coordinates of dry, mineral-matter- 
free volatile matter plus moisture and 
temperature in degrees. Centigrade of 
the maximum fluidity. The vertical 


axis as in the left hand quadrant ig 
the maximum fluidity in divisions per 
minute. A similar plane surface erected 
in this right hand quadrant shows the 
relation of these three last-named vari- 
ables. This relation will be useful in a 
further study of the work of Mar- 
quard"' in which he stated that coals 
of different softening temperatures 
when blended before coking produce 
poorer coke than when coals of sub-- 
stantially the same softening tempera- 
tures are blended. While Marquard’s 
work referred specifically to various 
high-volatile coals, it should now be 
possible to study this idea with blends 
of any kinds of coal. It should be noted 
that the coals having the highest maxi- 
mum fluidity attain this condition at 
approximately 435°C. 

The value of the Gieseler plastom- 
eter lies in the fact that significant 
information can be obtained from a 
small sample (4 to 5 g) of coal which 
together with the analysis heretofore 
had yielded an estimate of the coking 
behavior of the coal. In the past, the 
appraisal of unknown coals has been 
made almost entirely by relatively 
large-scale tests. Box tests, for ex- 
ample, requiring about 60 lb of coal 
were considered to be about the small- 
est test procedure that would give an 
indication of the type of coke to be 
expected. After box tests, a full-scale 
oven test was frequently required. The 
Gieseler test has not eliminated this 
procedure but it has been the source 
of information from which a more in- 
telligent and practical approach to the 
selection of coals could be made. The 
fact that the maximum fluidity can be 
correlated with values obtained from 
proximate analyses may lead ulti- 
mately to the use of proximate analy- 
ses as a guide to the selection of coals. 
However, there is still much to be 
learned from the Gieseler test about 
the mechanism of ccke formation. 


PRESSURES DEVELOPED BY COAL 


The next correlation attempted was 
with the maximum pressures developed 
by coals in the movable-wall oven. 
Fig 10 contains data on unblended 
coals, and while the information at 
hand is far from complete, there is 
shown a very definite trend in this 
factor with the rank of coal. All of the 
high-volatile A coals shown exerted a 
pressure of less than 1 psi. Several of 
the medium-volatile coals exerted more 
than 1 psi and are shown to go up as 
high as 4 lb as the rank increased 
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toward the low-volatile group. Two of 
these coals contained a high percentage 
of ash and the latter acting as an inert 
had reduced the pressure-developing 
properties of the coals resulting in the 
points falling below the curve. The 
low-volatile coals exerted higher and 
higher pressures as the rank increased 
and finally reached a maximum whose 
value is still undetermined. This is due, 
in part, to the inability to measure 
these high pressures under the same 
conditions that are used for measuring 
the pressures of the lower rank coals. 
As the rank increased still further the 
pressure dropped off. Several English 
coals are shown in this area and one 
with a dry, mineral-matter-free volatile 
matter plus moisture of about 15 pct 
was found to exert a pressure of just 
4 psi. This behavior with changing rank 
appears to have some reason in fact, 
for as the rank increases to the semi- 
anthracite group and the fluidity de- 
creases, such coals can conceivably 
produce little or no pressures. Much 
more work needs to be done in this 
area as well as in medium-volatile 
group near the low-volatile boundary. 
No satisfactory relation has yet been 
found that will indicate the pressures 
exerted by blends of coal. 

Fig 11 is a three-dimensional plot of 
pressures developed in the movable- 
wall over. The plane of the base 
contains the classification curve and 
plotted vertically is the pressure de- 
veloped in pounds per square inch. It 
is evident that the preceding figure 
(Fig 10) is really a projection of the 
curved surface rising out of the base 
projected on the right hand coordinate 
plane. 


MAXIMUM FLUIDITY |AND 
STABILITY FACTOR 


Fig 12 presents the relation between 
the Gieseler maximum fluidity of un- 
blended coals and the tumbler test 
stability factors of the resultant cokes. 
Although the data are not complete, 
there is sufficient information on hand 
to show that the curve fixes the ap- 
proximate relationship. Low-volatile 
coals having a low maximum fluidity 
produce coke of higher stability factor 
than the high-volatile coals having sub- 
stantially the same maximum fluidity. 
The medium-volatile coals and the 
high-volatile A coals near the medium- 
volatile group produce coke of the 
highest stability factor. Coals of the 
highest maximum fluidity produce 
cokes of intermediate stability factor. 
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FIG 14—Relation of byproduct yields to coal rank. 
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The high-volatile A coals having a low 
maximum fluidity have the lowest sta- 
bility factor. The two high-volatile B 
coals shown on the chart do not fit 
into the curve as shown. They appear 
to have a stability factor corresponding 
to the same values as the high-volatile 
A coals of the highest maximum flu- 
idity. The reasons for the behavior of 
these two coals is still obscure but in 
finding the reasons for such anomalies 
an explanation of the overall coking 
behavior may be forthcoming. 

Here again the curve shown in Fig 12 
is the projection of the plane surface 
as shown in Fig 13. This three-dimen- 
sional plot results from plotting the 
tumbler test stability factor of the 
cokes with the dry, mineral-matter- 
free volatile matter plus moisture as 
the base and the Gieseler maximum 
fluidity as the vertical axis. Data thus 
plotted lie along the top of the curved 
plane illustrated. 

While the data used to construct the 
curves in Fig 12 and 13 were obtained 
from tests of unblended coals, our 
studies have indicated that the values 
of blends of two or more coals in most 
cases lie within the looped curve of 
Fig 12. If further data confirm this 
hypothesis it will then be possible to 
select two coals which when blended 
together will yield a coke of the highest 
stability factor simply by obtaining the 
Gieseler maximum fluidity of each of 
the coals together with the rank of the 
coal from its analysis. With only a very 
small amount of data at hand there are 
further indications that the position of 
the point for the blend within the loop 
lies on or near a straight line connect- 
ing the values of the two coals blended. 
The fact that the location of the blend 
within the loop may not be propor- 
tionally distant from the two coals 
blended to the amount of each coal in 
the blend may possibly be explained 
by the fact that the loop in Fig 12 is 
the projection of the sloping curved 
plane that bounds the top of the curved 
plane shown in Fig 13. A large amount 
of work will be required to establish 
this concept. 


BYPRODUCT YIELDS 


For more than forty years Koppers 
Company, Inc. has been determining 
the byproduct yields of coals by the 
laboratory byproduct yield test. In 
Fig 14 the yields thus determined of 


gas, light oil, ammonium sulphate, 
and tar are shown in relation to coal 
rank. It will be noted that the maxi- 
mum yields of each of these products 
occur approximately at the 40 pct vola- 
tile matter plus moisture on the dry, 
mineral-matter-free basis. The corre- 
lation of these values with coal rank is 
good and a fairly reliable prediction 
could be made from the knowledge of 
the coal rank. 


Cenelusions 


In the foregoing study a procedure 
has been described by which the 
criteria used for the standard classifi- 
cation of coals can be arranged so that 
coals of all ranks lie on a single curved 
line. This development makes it pos- 
sible to compare the coking behavior 
of one coal with another. In general, 
the coals of different ranks are lined up 
in accordance with their coking be- 
havior. Exact correlation of coal rank 
with coking behavior has not been 
achieved, but the procedure described 
now makes it possible to determine the 
various causes for the lack of corre- 
lation. Such factors as ash content and 
differences in amount of petrographic 
constituents are suggested as causes. 
Not the least of the possible reasons for 
lack of correlation lies in the inac- 
curacies inherent in the methods of 
testing. 

It is suggested in this study that the 
use of the classification charts together 
with data obtained from the Gieseler 
plastometer can be an important guide 
in the selection of coals. Although the 
selection of two or more coals for 
blending and the prediction of the 
characteristics of coke from the blend 
only have been indicated such predic- 
tions appear to be in the realm of 
possibility. 

These studies have little more than 
described the framework of a simplified 
method for predicting the coking 
behavior of coals. That the successful 
culmination of this work is well 
justified can best be emphasized by the 
large amounts of money that are ex- 
pended every year in testing the coking 
properties of coals. The correlations 
seem to substantiate the premise 
stated that the difference between cok- 
ing properties of coals bears some 
quantitative relation to the analyses 
of the coals. 
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An Evaluation of the Performanee 
of Thirty-three 
Residential Stoker Coals 
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By JAMES B. PURDY* and HARLAN W. NELSON* 


The great majority of stokers used 
in residential heating installations 
are of the clinkering type. Because of 
inherent characteristics of the under- 
feed combustion process as it occurs 
in these small stokers, and because of 
the wide range of operating conditions 
encountered in residential heating 
schedules, not all bituminous coals 
can be used successfully in residential 
underfeed units. The problem of pro- 
viding consumer satisfaction has been 
attacked by the joint efforts of the 
stoker manufacturers and the coal 
industry; the stoker manufacturers 
have been concerned with improving 
their product to permit the use of a 
wider range of coals, and coal operators 
have made every effort to market 
selected and better prepared coals. In 
view of the wide range of physical 
characteristics and chemical properties 
of bituminous coals, the problems 
are real and are receiving increased 
attention. 

Some twelve years ago‘a laboratory 
method was developed at Battelle 
Memorial Institute for the relative 
evaluation of coals for use in residential 
underfeed stokers. The method was 
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developed in conjunction with work 
being done at that time for Bituminous 
Coal Research, Inc., and for individual 
coal producers, to obtain information 
on the ‘characteristics of coal that 
determined the successful performance 
of the small stoker. Details of the 
equipment and test procedure were 
given by R. A. Sherman! in a paper 
presented at the University of Illinois 
Fifth Short Course in Coal Utilization. 

During the past several years, the 
evaluation of over forty differcat coals 
has been determined by investigations 
sponsored at Battelle by coal operators 
in the eastern producing districts. 


White Sulphur Springs Meeting, 
November 1948. 

Paper presented at Joint Fuels Con- 
ference of Coal Division AIME and 
Fuels Division ASME. 

TP 2568 F. Discussion of this paper 
(2 copies) may be sent to Transactions 
AIME before July 30, 1949. Manu- 
script received Dec. 7, 1948. 

* Research Engineer, Fuels Divi- 
sion, and Supervisor, Fuels Research, 
respectively, Battelle Memorial I nsti- 
tate, Columbus, Ohio. 

1 References are at the end of the 
paper. 


The purpose of this paper is to compare 
the results and conclusions derived 
from the various tests with marketing 
experiences of the operators, and to 
discuss briefly the relationship of 
test results to standard laboratory 
determinations. 


Equipment Used in Tests 


Fig 1 shows schematically the 
equipment used in the evaluation tests. 
The stoker is a commercial model of 
conventional design, having a nominal 
feed rate of 30 lb per hr. A special 
laboratory furnace is used, which is 
tightly sealed to prevent the entrance 
of secondary air. The complete stoker- 
furnace assembly is mounted on plat- 
form scales which permits the measure- 
ment of combustible weight losses 
occurring during the test. The furnace 
stack, in which are a thermocouple, 
flue-gas sampling tube, and smoke 
meter, is connected to the laboratory 
exhaust breeching through a friction- 
less connection. 

Through use of an auxiliary blower 
system, provision is made for the 
measurement of the air delivered by 
the stoker fan to the windbox. A water 
seal in the duct work eliminates inter- 
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FIG 1—Diagram of test equipment. 


ference with the process of weighing 
the stoker-furnace unit. A barometric 
damper is located in the furnace stack 
to assist in maintaining a constant 
draft. The damper is adjusted to give 
a draft of 0.05 in. of water during 
“off” periods of the stoker. 

Smoke concentrations are measured 
by means of a smoke-density meter. 
The meter consists of a light source 
and photoelectric cell between which 
a sample of the flue gases is drawn at a 
constant rate. Variations in the ab- 
sorption of light by smoke varies the 
output of the photoelectric cell, and 


the voltage is recorded continuously 
on a recording potentiometer. 
Appropriate instruments are pro- 
vided for control of hold-fire operation, 
for recording stoker running time and 
power consumption, and for measure- 
ment of overfire and windbox pressures. 
Flue-gas analyses are made at appro- 
priate intervals throughout the test. 


Test Preecedure 


At the start of the test, the hopper 
is filled with the coal to be tested, 


and the stoker is run until the retort 
is filled and coal is level with the top of 
the tuyeres. The feed of coal is then 
stopped, and | lb of charcoal is placed 
on top of the coal. Just prior to lighting 
the fire, one-half pint of kerosene is 
poured over the charcoal. The charcoal 
is then ignited and for a period of 
5 min no coal is fed, but the stoker fan 
is permitted to run. At the end of 
5 min the coal feed is turned on and 
allowed to run for the balance of the 
hour. 

The air control on the stoker is set 
to furnish air at a rate 30 pct in excess 
of that theoretically required by the 
rate at which the coal under test is 
being fed. Any correction necessary 
to obtain this rate of air delivery is 
made during the first hour by means 
of the stoker air control. No further 
adjustment of the air is made through- 
out the test. 

The schedule of operation for an 
evaluation test is designed to simulate 
the operation of a stoker under con- 
ditions of varying heat demand, as 
would be expected during a typical 
heating season. The test is normally of 
five days’ duration. During the first 
and second days, operation consists 
of alternate periods of continuous and 
hold-fire operation; alternate periods 
of intermittent and hold-fire operation 
occupy the third day, and the fourth 
day consists wholly of hold-fire 
operation. Intermittent operation is 


Table 1 . . . Analyses of Coals Tested 


Proximate Analysis, Per Cent i 
Calorific Ash- | Free-swelling 
Pm. Bed State Nominal Sulphar, Value, Index, 
Size, In. | Mois- | Volatile| Fixed | | rota) | Po | Bu perLb| Temp.,°F | Number 
ture | Matter | Carbon oy 
1 ‘| Wallins Ky. 14 x0 2.5 | 40.1 | 51.8 5.6 | 100.0 0.8 13, 2,560 
2 | Wallins Ky. 1% x \% 2:8 | 40.0 | 52.4 4.8 | 100.0 0.8 13,700 2'250 
3 Upper Freeport | Pa. “ux 1.1 | 33.8 | 56.0 9:1 | 100.0 1.6 13,809 2'360 
4 ttaburgh W. Va.|1X 10mesh | 3.0 | 37.5 | 53.3 6.2 | 100.0 13,380 27380 4.5 
5 |No. 2 gas W.Va.|/1X10mesh| 0.9 | 34.6 | 61.2 3.3 | 100.0 0.8 14.760 2/290 
6 Taggart Va. xo 3.1 2,210 8.5 
1 Taggart Va. x0 4.5 2'310 8.5 
4 ton W. Va. | % X 1.1 | 31.9 | 58.5 8.5 | 100.0 2°700 7.0 
9 | Sewell W. Va. | % Xx 0.2 | 23:2 | 72:6 4.0 | 100.0 15,140 2'440 
10 (| Pit W. Va. | &% Xx 27 | 38.1 | 54.4 4.8 | 100.0 14,050 8.0 
ll Elkhorn No. 3 | Ky. 1x 1.6 | 37.2 | 54.6 6.6 | 100.0 13.920 6.0 
12 | Elkhorn Ky. 1x 0.9 | 35.4 | 60.5 3.2 | 100.0 2,630 6.0 
13 ‘| Elkhorn Ky. |% x 1.6 | 32.9 | 59.8 5.7 | 100.0 2'660 5.5 
14‘ | Elkhorn Ky. 1x 1.4 | 34.8 | 60.0 3.8 | 100.0 2'530 6.0 
15 horn Ky. |1X50mesh| 1.3 | 34.1 | 59.5 5.1 | 100.0 2°670 6.0 
16 ason Ky. |1x 0.6 | 37.8 | 56.4 5.2 | 100.0 1.6 14,160 27420 5.0 
17 ason Ky. |1x 1.7 | 36.3 | 58.3 3.7 | 100.0 4,089 2°530 4.0 
18 | No. 11 Ky. |% X 48 mesh 6.1 2'200 4.0 
19 | High Splint Ky. |1x% 0.7 | 39.0 | 52.5 7.8 | 100.0 1.0 13,400 2'730 3.5 
20 =| Blue Gem Ky. | 14 x 1.9 6.0 1.6 13.680 3.5 
21 =| No. 2 gas Va. |1 Xx 1:7 | 35.7 | 88.7 6.9 | 100.0 1.4 13,951 2,680 8.5 
22 nknown) Ind. | % X 7.5 | 41.0 | 44.0 7.5 | 100.0 3.0 12,397 2°190 
23 No.4 | Ky. 1x 1.9 | 37.6 | 55.2 5.3 | 100.0 08 13.961 +2:700 5.0 
24 |Haserd No.4 | Ky. |1X 2:2 | 37.5 | 55.2 5.1 | 100.0 0.9 3.940 2°410 4.5 
25 =| Elkhorn No. 4 Ky. 1x 1.1 | 38.5 | 55.6 4.8 | 100.0 1.0 13,970 2°500 5.0 
26 | Hernshaw Va. }1 08 | 32:3 | 63.6 3.3 | 100.0 0.7 ry 2°750 7.5 
27 ~=‘| Rich Mountain | Tenn. | 1% X 346 1.3 | 35.7 | $6.1 6.9 | 100.0 1.0 13.7 +2'800 45 
28 Shannon Va. i“ 1.9 | 33.6 | 53.4 | 11.1 | 100.0 Ll 3. 2/280 6.5 
29 =| No.2 Ky. 1x % 1.3 | 37.3 | 46.5 | 14.9 | 100.0 5.1 12,470 2°310 3.5 
30 | No.7 Ky. 1x 6.0 | 38.9 | 51.4 4.6 | 100.0 1.8 12'780 2°190 4.0 
31 | Powellton Va. |1 X 1.8 | 35.5 | 87.1 5.6 | 100.0 11 14/330 2°420 8.5 
32 |Haezard No.4 | Ky. 1X 1.2 | 38.0 | 55.2 4.7 | 100.0 2.6 14.130 2'340 5.0 
33 ——| Clintwood Ky. 1 X 4 mesh 04 | 29:1 | 63.9 6.6 | 100.0 11 14,360 2°700 8.0 
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scheduled for the whole of the fifth 
day. 
For the parts of the schedule indicat- 


method described. A few of these were 
short-term tests consisting of only the 
first and last days of operation. Of 


of excessive coke-tree formation, dirty 
fuel bed, or general lack of response to 
heat-demand operation, but average 


| ing continuous operation, the stoker the 5-day tests, the results of 33 are values alone do not indicate this varia- 
: is started and stopped manually. For included in the present study. With bility. Supplementary data and in- 
; hold-fire operation, the stoker is started one exception, the coals were all high formation, including photographs and 
] once each hour by a timer control and volatile, and were largely from the visual observation of the fuel bed, 
f is stopped by a potentiometer controller eastern producing districts. strength of the clinker formed, and 
n when the temperature of the flue gases Table 1 presents the laboratory- the height and type of coke trees, are 
f has reached 20 mv, or approximately determined characteristics of the coals not subject to numerical evaluation 
d 900°F. During intermittent operation, used in these tests. In addition to the but are useful in making an overall 
e the stoker is manually started at proximate analysis, the sulphur, calori- interpretation of results. 
intervals of 20 min, the duration of fic value, ash-softening temperature, The ratings of initial ignition shown 
at each period of operation being deter- and free-swelling index are given. The in Table 2 represent approximate 
38 mined by the time required to burn nominal size of the coal is indicated. evaluations of the curve of flue-gas 
ne one-third of the quantity of coal temperatures recorded during the first 
is necessary to release 187,500 Btu per hour of the test. The word descriptions 
ry hour. The stoker is stopped when the Results of Tests shown furnish an initial indication of 
is required weight loss is attained, and the ignitibility and coking character- 
ns remains idle until the start of the next At the conclusion of each test, istics of the coal under test. The curves 
er 20-min period. average values are determined for for initial ignition are discussed more 
h- As a test is always started with a components of the flue-gas analysis, fully in a later section of the paper. 
completely clean hearth, the fuel bed pressure measurements, smoke con- For the coals tested, the range of 
an is not disturbed until the evening of centrations during “off” periods, and values for the drop in pressure through 
ate the fourth day, when a probe is made length of hold-fire running periods. the fuel bed was from 0.52 to 1.54 in. 
on- with clinker tongs to remove any These and other directly determined of water. The values are indicative of 
as clinker from the fuel bed. At the con- values are then subjected to analysis. ‘the general condition of the fuel bed, 
cal clusion of the test the fire is quenched Table 2 lists values of many of these and any coal that has a fuel bed 
of with water and the fuel bed is removed data for the coals tested. When report- _ resistance greater than 1.5 in. of water 
irst from the furnace. Pieces of clinker ing the results of tests, in addition to is considered to give difficulty in burn- 
ists larger than 3 in. in size, and all coke _ listing data shown in the table, plots ing. Of the coals tested, only one 
and retained on a 1-in. round-hole screen, of some groups of data are made for showed values above this maximum. 
iods are separated from the fuel bed and purposes of showing their degree of | As previously stated, during hold- 
tion weighed. variability during the course of the fire operation, the stoker is started 
urth test. Wide variations in the length of once each hour and allowed to run 
fire operating. times during intermittent until a stack temperature of 900°F 
a is Bases for Evaluation operation, for example, are indicative is reached. Under this procedure, the 
In evaluating a stoker coal certain 
tangible factors must be selected on ; 
which a judgment of the coal may be Table 2. . . Summary of Results from Evaluation Tests 
based. These factors are chosen because 
— of their importance in determining Pressure Coke im | “Re 
elling the degree of satisfaction that the Bed State through mgved, 
a consumer will obtain in using the coal, >* Bed, | Min. |Average| Test, | Contof 
from the standpoint of manual atten- | leased 
me tion, uniformity of heating, comfort, 
cleanliness, and cost. The main factors | Wallies ise | | ane 
5 used as a basis for evaluation in this {| Pittsburgh" | W. Va. ios | sa | ae | ‘oe | ane 
2. Clinker formation. 2 Sev Ve. 119 $2 16. 25.3 
2 3. Coke formation. uM Elkhorn No. Ky. Very satisfactory 1-01 $8 14.7 10.8 28.4 
4. Rate of fuel consumption during 13 | Elkhorn Ky. Satiafactory 0.85 $3 | | 
0 hold-fire operation. | Elkhorn Ky. Satisfactory | 4:3 | | | 
5. Resistance of fuel bed to the flow | | 3 | | | 
6. Uniformity of burning during 20 |BieGem |Ky. | 4:9 | | | 
21 | No. 2 gas Va. | Poor 0.81 6.0 | 199.0 | 19:0 | 162 
+ 7. Smoke concentration. 24 |Haserd No.4 |Ky. | Very satisfactory| 0.97 4.5 | 16.0 74 | 14.9 
25 mn No.4 |Ky. | Satisf 0.82 5.7 | 20.0 86 | 14.0 
. 26 | H w . Va. | Very sa 0.78 4.6 | 11.0 5.4 | 11.6 ‘ 
38 | | $9 | ise | | dee 
. Coals Tested 29 | No.2 Ky. | Poor 1.28 71 | 17.0 | 42:8 | 45.4 : 
31 |Powellton | "| | 5:7 | 22:0 | 17:8 | 36:0 
0 
and their results evaluated by the 
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time of operation is governed by char- 
acteristics of the coal. A cut-off tem- 
perature of 900°F may be too high, 
as many coals will be capable of holding 
the fire at a lower temperature; how- 
ever, time would not permit trial of 
minimum settings, and the results 
may be compared on a relative basis. 
For purposes of evaluation, coals 
having time values below 5 min per 
hr are considered satisfactory. The 
range of values shown in Table 2 was 


from 4.1 to 7.1 min per hr. Values 


of less than 5.0 min were determined for 
14 of the coals tested, and 6 of the coals 


required operating periods averaging 


over 6.0 min. 

The values of smoke concentration 
were determined as the average density 
of smoke during the “off” periods of 
intermittent operation. Only coals 
showing average values above 20 on 
the logarithmic scale of densities would 
be apt to produce troublesome smoke 
during “off” periods, as combustion 
of volatile gases and dilution of smoke 
by air admitted over the fire would 
substantially reduce the smoke con- 
centrations in a residential heating 
installation. 

Values of the weight of coke remain- 
ing in the fuel bed at the end of a 


Table 3 . . . Summary Information Regarding Conclusions from Evaluation 
Tests and Marketing Experience of Coal Operators 


Classifi- 
Bed State ber R for Classification in Marketing 
Labora- leason for Classi y Sponsor Operator 
tor 
1 | Wallins Ky Ss No information 
2 | Wallins Ky Ss No information 
3 | Upper Freeport | Pa. U Strong coke-tree formation Dow not ~ are residential 
stoker coa 
4 | Pittsburgh W. Va. Ss No information 
5 | No. 2 gas W. Va. 8 ar ket successfully 
6 | Taggart Va. 8 arketed successfully 
7 Va. Marketed successfully 
8 ton W. Va. U Poor clinker formation and | Not marketed for use in 
characteristics residential stokers 
9 | Sewell W. Va. Ss No informa 
10 | Pittsburgh W. Va. s- ignition, length of | No information 
fire i above 
average, low clinker for- 
mation 
11 | Elkhorn No.3 | Ky. 8 Marketed successfully 
1 Etkhoro Ky. s- Poor clinker formation No information 
13. | Elkhorn Ky. 8 No information 
14 | Elkhorn Ky. s No information 
15 | Elkhorn Ky. Ss No information 
16 | Mason Ky. 8 Marketed successfully, prin- 
cipally in northern markets 
17 | Mason Ky. s-— Relatively poor clinker for- | Facilities not yet available 
mation of s 
18 ll y. Marketed successfully 
3 19 | High Splint Ky. s-— Clinker formation ques- | Marketed successfully 
: 20 | Blue Gem Ky Ss Mine now closed, n to 
prepare stoker when 
21 | No. 2 gas W. Va s- strong No informa 
22 |(Unknown) Ind s New mi completion 
ew mine, u 
of wt market stoker 
23 | Hazard No.4 | Ky mine, output not yet 
justifies preparation of 
; stoker sizes 
j 24 | Hazard No.4 | Ky s- Inadequate clinker forma- .-+ been marketed success- 
- 25 | Elkhorn No. 4 | Ky s-— Inadequate clinker forma- yd: stoker coal prepared for 
: 26 | Hernshaw Ky s- Poor clinker formation ae facilities lack- 
ae ing, no stoker sizes pre- 
ms 27 | Rich Mountain | Tenn. U Sluggish ignition and hold- | Onl run-of-mine bei 
fire characteristics, in marketed 
o coke formation, low in 
7 clinker formation 
28 | Shannon Va. U ignition hold- | No stoker sizes prepared 
ie 29 | No.2 Ky U Poor ignition and hold-fire | Decision made not to pre- 
te characteristics, sluggish| pare stoker coal 
: fuel bed, high ash content, 
et heavy coke formation 
3 30 | No.7 Ky. Ss Stoker sizes not being pre- 
sf pared at present time 
i 31 | Powellton W. Va. s Stoker sizes not being pre- 
t t ti 
32 | Hazard No. 4 Ky 8 New tip fe 
tion, or will be 
33 | Clintwood Ky. for preparation 
not yet 
ins 


« 8, Satisfactory. S—, Not completely satisfactory. U, Unsatisfactory. 


. Mining Transactions, Vol. 184 


test give a numerical indication of 
the extent of coke formation and the 
depth of the fuel bed. Comparisons 
are significant only when all tests are 
run with closely similar percentages of 
excess air. The range of values found 
during the present tests was from 2.6 
to 42.8 lb; 8 of the coals produced 
15.0 lb of coke or more. 

The measure of clinker formation 
represented by data listed in Table 2 
is the percentage of the total ash 
released during the test, which is 
formed into clinker. Percentage values 
of 20 pet or more are considered to 
indicate satisfactory clinker formation. 


Relation of Conclusions 
Drawn from Test Results 
to the Marketing 


Experience of Operators 


From consideration of the test 
results, conclusions are drawn with 
regard to the degree of satisfaction to 
be expected if the coal under test 
were to be marketed. Many of the 
coals tested could immediately be 
classed as satisfactory or unsatisfactory 
beyond reasonable doubt; others were 
deficient in performance by one or 
more criteria, and were given an inter- 
mediate or limited classification. 

Table 3 lists the coals tested, their 
classification based on test results, 
the principal reasons for the classifica- 
tion, if unsatisfactory or not completely 
satisfactory, and the marketing ex- 
perience of the coal operators sponsor- 
ing the tests. Of the 33 coals tested, 
20 were determined to be satisfactory 
for use in residential stokers, 5 were 
listed as being unsatisfactory, and 8 
were given limited ratings. 

The chief cause for limited ratings 
was inadequate clinker formation. 
Although satisfactory in other respects, 
use of coals in the restricted classifica- 
tion might be expected to result in 
complaints from consumers because of 
the accumulation of unfused ash in the 
furnace. Such coals might be marketed 
successfully in the northern regions, 
but might prove unsatisfactory in 
regions where climatic conditions re- 
quire frequent and prolonged operation 
at low or hold-fire rates. Other factors 
adversely affecting the evaluation of 
the coals were excessive coke-tree 
formation, sluggish ignition and re 
sponse during intermittent operation, 
high ash content, and high average 
smoke concentrations during “off” 
periods of stoker operation. 

As shown in Table 3, there was gen 
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eral agreement between conclusions 
drawn from results of evaluation tests 
and the marketing experiences of the 
coal operators. Those coals classed 
as unsatisfactory have not been pre- 
pared by the respective operators in 
residential stoker sizes. Most of the 
coals rated as being satisfactory are 
either being marketed successfully, 
or will be marketed when preparation 
facilities become available. Of those 
rated as not being completely satis- 
factory, three have been marketed 
successfully; the others are not being 
prepared now in residential stoker 
sizes, or information regarding them 
is lacking. 

The agreement between results of 
the evaluation tests and marketing 
information is reasonably good and 
appears to justify use of the method. 
Because it is a relatively short-time 
test, an appraisal of a coal can be 
accomplished much more quickly than 
if adequate field tests were attempted. 
Many of the requests for tests come 
in summer months when operators 
are interested in the market for the 
following heating season. 

The method possesses limitations, 
particularly in regard to the evalua- 
tion of clinker formation with coals 
of intermediate ash-fusion character- 
istics. With coals of this class having 
low ash content, the fraction of 
the ash formed into clinker may be 
unduly low, although if the test 
were continued; the fraction would 
become greater. Admittedly, judg- 
ment of clinker formation is less 
susceptible to evaluation than any 
other factor involved in the test. 


Relatien of Results of Test 
te Standard Laberateory 
Determinations 


Analysis of the data from the 
evaluation tests has furnished an 
opportunity for attempts to relate 
these results to data determined for 
the coals by standard laboratory 
determinations. Studies of this kind 
shave been made by Shotts,? on 
Alabama coals, and by Helfinstine 
and Boley,? on Illinois coals. There 
is a natural interest in correlations of 
this kind, because of the possibility 
for simplification of an evaluation test 
procedure. 


INITIAL IGNITION 

The variation in the time required 
for the flue-gas temperature to reach 
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FIG 3—Relotion between clinker formetion end esh- 
softening temperature. 


an equilibrium value, as shown by the 
record of temperature during the first 
hour of the test, is considered an 
indication of the performance of the 
coal with respect to ignitibility and 
coking characteristics of the coal. 
Although not a measure of individual 
characteristics, it gives a preliminary 
indication of difficulties to be expected 
in maintaining ignition during opera- 
tion under hold-fire conditions. 


Fig 2 presents three examples of 
initial ignition curves from among 
the coals tested. These curves em- 
phasize the difference that ‘can ‘exist 
between bituminous coals in reaching 
an equilibrium flue-gas temperature 
value during the initial ignition period. 
The top curve represents a coal having 
very good ignition characteristics; 
the maximum flue-gas temperature 
was reached early in the hour and 
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ASH CONTENT, PER CENT 


FIG 4—Relation of ash content to clinker formation. 


WEIGHT OF COKE, 


declined only slightly during the 
balance of the hour. The middle curve 
shown as a broken line, represents a 
coal having sluggish ignition char- 
acteristics; the flue-gas temperature 
declined sharply during the first 
25 min and did not recover to its 
maximum value until the end of the 
first hour. The bottom curve repre- 
sents unsatisfactory ignition in that 
the fire had gone completely out at the 
end of 30 min of operation. 

An attempt was made to relate 
data from curves of initial ignition to 
free-swelling indexes and to the time 
required for operation of the stoker 
during periods of hold-fire. This was 
done by plotting the variance of the 
flue-gas temperature during the initial 
ignition period against the free-swelling 
index, and against the average running 
time during hold-fire operation. No 
direct relationship was found to exist 
between these data; hence, the tem- 
perature variation during ignition 
cannot be used alone as a criterion of 
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coking or hold-fire characteristics. 
Some years ago, an investigation of 
ignitibility of bituminous coals was 
made at Battelle. In that study, ease 
of ignition in residential stokers was 
compared with ignition temperatures 
determined by the method developed 
by The Coal Research Laboratory 
at the Carnegie Institute of Tech- 
nology. The correlation between these 
properties was not good. It is con- 
cluded that ease of ignition depends 
not only on ignition temperature, but 
also on other factors, chiefly coking 
characteristics and size variation. 


CLINKER FORMATION 


Results of clinker formation in the 
evaluation test are expressed as the 
percentage by weight of the total ash 
released during the test which is formed 
into plus 3 in. clinker. If values for 
these percentages are 20 pct or higher, 
the coals may be expected to give 
satisfactory service to the consumer 


in this respect; below this value, the 
clinkering characteristics of the coal 
are open to question. 

Comparison of clinker values ob- 
tained in these tests and ash-softening 
temperature shows no correlation. Fig 3 
presents a graph of the relation between 
ash-softening temperature, as deter- 
mined by the standard laboratory 
method, and the clinker removed from 
the fuel bed in the burning tests. 
Poor correlation is evident between 
these data. Similar results have been 
obtained by Helfinstine and Boley.’ 

The ash content of the coal as deter- 
mined by the proximate analysis 
definitely predicts the degree of manual 
attention that will be required when 
burning the coal, due to the removal 
of clinker and unfused ash. 

Fig 4 presents the relation between 
the ash content of the coal and the 
clinker formation. The relationship 
here is little better than that shown in 
Fig 3; however, no single laboratory- 
determined characteristic can accu- 
rately predict the performance of a 
stoker coal with respect to clinker 
formation. 


COKE FORMATION 


In the evaluation test, a numerical 
measure of coke formation is obtained 
by the weight of plus 1 in. coke remain- 
ing in the fuel bed at the end of the 
test. The standard laboratory test 
used to obtain an indication of the 
coking tendencies of a coal is the free- 
swelling test as prescribed by ASTM 
designation D-720-46. 

Fig 5 shows the relation between 
these two methods. The correlation 
is not as close as might be expected, 
though the results are in agreement 
with those of Shotts.? The reason for 
this lack of correlation is largely the 
result of variations in the reactivity 
of the coke formed. 


RATE OF FUEL CONSUMPTION 
DURING HOLD-FIRE OPERATION 


The stoker running time necessary 
to maintain the fuel bed in good con- 
dition is of importance to the consumer 
for reasons of economy and comfort, 
as it determines the amount of coal 
that will be burned during periods 
when there is no demand for heat. 

An investigation was made of the 
relation between the time required to 
hold fire and laboratory-determined 
characteristics. Between time required 
to hold fire and the free-swelling index 
no relationship could be determined. A 
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FIG 6—Relation between ash content and average 
time “on” during hold-fire operation. 


plot of the relation between hold-fire 
time and the ash content is shown in 
Fig 6. These data indicate that, in 
general, the hold-fire time is increased 
slightly with increase in the ash con- 
tent of the coal. 


RESISTANCE OF THE FUEL BED 
TO THE FLOW OF AIR 


The resistance of the fuel bed to 
the flow of air is of interest, as.it may 
reflect the general condition of the 
fuel bed and the ability of the stoker 
fan to furnish the necessary volume of 
air. The fan capacity of residential 
stokers is sufficient to overcome maxi- 
mum fuel bed resistances of 1.50 to 
1.75 in. of water. With suitable 
automatic air controls, the delivery of 
air will be maintained up to this 
pressure. The highest resistance found 
during the present study was 1.54, 
and, for most of the coals tested, 
yalues were well below the limiting 


pressure. 

The principal factors contributing 
to fuel bed resistance are coking 
properties, size of the coal, and ash 
content. No correlation was found 
between free-swelling index, as indica- 
tive of coking properties and fuel bed 
resistance. Fig 7 presents a plot show- 
ing the relation of fuel bed resistance 
to the ash content of the coals. The 
effect of increasing ash content upon 
the resistance offered by the fuel bed 
is evident in this graph. 


UNIFORMITY OF BURNING 


The ability of a stoker coal to 
respond to abrupt demands for heat, 
and to burn uniformly during periods 
of heat demand are very important 
factors in providing satisfactory opera- 
tion for the consumer. The uniformity 
of burning is judged mainly by the per- 
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FIG 8—Reletion between variance in 
time “on” during intermittent operation 
and weight of accumulated coke. 


formance of the coal during the period 
of intermittent operation on the 
last day of the test. A measure of the 
performance during this period is ob- 
tained by the operating time necessary 
to liberate a given quantity of heat, 
and the uniformity of these values for 
successive operating intervals. 

Fig 8 shows the relation between 
the variance in time “on” during 
intermittent operation and the weight 
of coke remaining in the fuel bed at the 
end of the test. The trend of the data 
in this graph shows that increased 
quantities of coke are reflected in 
increased variations in the uniformity 
of burning. Fig 9 presents a similar 
plot for clinker formation and variance. 
Here it is shown that the amount of 
clinker formed had much the same 
effect on the uniformity of burning. 

A study of data relating the free- 
swelling index and the average “on™ 
period during intermittent operation 
showed a complete lack of correlation. 


SMOKE CONCENTRATION 


When the stoker is in operation 
during a test, under conditions of at 
least 30 pct excess air as normally 
employed, smoke concentrations are 
of no consequence, even when burning 
high-volatile coals. Smoke emission 
is noticeable only for a brief period 
after the stoker shuts off. 

Of the laboratory-determined char- 
acteristics, volatile matter would ap- 
pear to be the most closely related to 
smoke concentration; the volatile mat- 
ter content usually is associated with 
the relative smokiness of a coal. 

Fig 10 shows in graphic form the 
relation of volatile matter and smoke 
concentration for the coals tested, 
In general, the correlation of the data 
for these two characteristics is poor, 
indicating that volatile matter alone 
cannot determine the amount of smoke 
that will result from burning a coal in 
residential stokers. 
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FIG 9—Relation between clinker formation 


and the variance. 


Ceonelusions 


A study of data obtained during 
laboratory tests to determine the 
suitability of bituminous coals for 
use in residential underfeed stokers 
of the clinkering type has led to the 
following general conclusions: 

1. Performance data obtained during 
the test furnish useful and practical 
information upon which to judge the 
performance of stoker coals. 

2. Conclusions derived from the 
results of evaluation tests are in general 
agreement with use experience of the 
coals in the field. The method is of 
practical use in this regard. 

3. Few direct relationships were 
found between data furnished by the 
evaluation test and determinations by 
standard laboratory tests. This is 
particularly true with regard to coke 
formation and clinker formation, two 
of the most important factors in 
determining the degree of satisfaction 
to be obtained in applications of the 
small underfeed stoker. 

It has not been the intention in this 
paper to prescribe this evaluation test 
as the best method for the evaluation 
of coals for use in residential stokers. 
That there are other test methods 
having similar objectives serves to 
point out the necessity for full-scale 
laboratory tests. 

At the present time, a standard 
test procedure for the evaluation of 
coals for use in residential stokers is 
not available. For the past several 
years a joint committee, appointed 
from the membership of the Residential 
Stoker Committee of Bituminous Coal 
Research, Inc., and from the Engineer- 
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VOLATILE MATTER, PER CENT, AS FIRED 


FIG 10—Relation between smoke concen- 


tration and volatile matter content. 


ing and Research Committee of The 
Stoker Manufacturers Association, 
has been working to develop a standard 
procedure for testing and evaluating 
bituminous stoker coals. This pro- 
cedure has been completed to the 
extent that it has been drawn up in 
tentative form. It is now planned to 
install the equipment in several labora- 
tories and to run check tests, using 
portions of identical lots of coal, to 
determine the degree of reproducibility 
offered by the method. Completion 
of this standard test procedure should 
greatly facilitate the evaluation of 
coals for use in residential stokers. 
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vestigations No. 120 (1946) p. 35. 


DISCUSSION 


E. R. Kaiser *—As a former fuel engi- 
neer assigned to residential stokers at 
Battelle, the writer has read with con- 
siderable interest the paper by Messrs. 
Purdy and Nelson. It is gratifying to note 
that earlier test techniques have been de- 
veloped and that criteria found important 
in the years 1935 to 1938 are still impor- 
tant in judging the performance of stoker 
coals for residential heating. 

The authors have plotted a number of 
the primary coal data singly against per- 
formance data of the stoker in an effort 
to establish relationships. Unfortunately, 
wide scattering of points usually resulted, 
which did not illustrate what experience 
generally indicates to be the case. For 
example, Fig 3 indicates almost no trend 
in the percentage of released ash con- 
verted to clinker with change in ash- 
softening temperature. Other factors, 
such as fuel bed temperatures and zones 
of heat release must have influenced the 
results. 

In the present state of our knowledge, 
we cannot explain all of the reasons why 
suitable stoker coals perform satisfac- 
torily, nor why one satisfactory coal may 
be better than another. It would therefore 


* Assistant Director of Research, Bituminous 
Coal Research, Inc., Columbus, Ohio. 
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be better to approach the subject from 
the side of unsatisfactory coals whose 
properties might be more marked and 
therefore easier to evaluate. On examin- 
ing the data for sixteen unsatisfactory 
coals tested at Battelle, not all of which 
were reported in the subject paper, it was 
concluded with one of the authors as 
follows: Unsatisfactory coals for resi- 
dential stokers have one or more of the 
following general characteristics in the 
Battelle test: 

1. Slow ignition with less than 20 Ib of 
coal burned during the first hour. 

2. Over 8 pct ash content. 

3. Over 2600°F ash-softening tempera- 
ture. 

4. Less than 20 pct of the ash released 
converted to clinker. 

5. A smoke reading of over 12 units 
average during the “off"’ period. 

6. windbox pressure exceeding 
1.25 in. w.g. 

7. Weight of coke at end of test ex- 
ceeding 10 Ib. 

8. Free-swelling index exceeding 8.0. 

9. It is assumed that the top size does 
not exceed 14 in. and that the amount 
of minus 4 in. coal does not exceed that 
of normal resultant coals. 

Returning to the question of corre- 
lating stoker performance with basic 
laboratory tests, the stoker performance 
is so complicated that it is not reasonable 
to expect the performance factors to vary 
with single coal factors. At least two or 
three coal characteristics are at work at 
the same time in affecting clinker forma- 
tion. These factors are discussed under 
the same headings as used by the authors. 


Ignition Preperties 
A coal with poor initial ignition shows 
symptoms of poor ignition later during 
“on” periods and hold-fire. Coking char- 
acteristics and size consist may be factors, 
but something inherent in the coal other 
than that measured by the Coal Research 
Laboratory method seems to be present. 
Perhaps it is liberation of CO, and water 
vapor from the coal, with absorption of 
heat, when the coal is subjected to igni- 
tion. Weakly coking coals from the 
Indiana-West Kentucky field sometimes 
exhibit poor ignition. Outcrop coals are 
notorious in this respect. Additional basic 

research is needed on this subject. 


Clinker Fermation 


Clinkering of coal ash is evidently 
affected not only by the ash-softening 
temperatures but by the temperatures 
in the ash zone. A hot fire in the region 
beginning immediately above the tuyeres 
and extending at least 5 in. upward will 
promote clinkering. A coal that ignites 
slowly and produces coke rather than 
heat is not likely to promote clinkering. 
A high ash content does not help rapid 
ignition nor rapid combustion. Further- 
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more, the ash-softening temperature has 
the limitation of not representing the ash 
in its segregated or heterogeneous state 
on being released from the coal. 


Ceke Fermation 


The poor correlation between free- 
swelling index and weight of coke in 
the fuel bed is probably caused by the 
additional factors of slow ignition in the 
retort and reactivity of the coke formed. 

Plasticity of the coal in the initial stage 
of coking is probably the dominant fac- 
tor, with ignition second, and reactivity 
of the coke third. The plastic property 
obviously must be first in importance in 
forming the coke tree. Slow ignition 
causes green and unoxidized coal to move 
up into the heat zone where the tempera- 
tures are better for coking than for rapid 
combustion. Once coke is formed, air can- 
not penetrate the formation. 

Because of hold-fire conditions and the 
cooling effect of the furnace walls, par- 
ticularly in household furnaces, the coke 
loses ignition and often will not burn 
until it falls to the hearth and is re- 
ignited by the flames issuing from the 
annular space above the tuyeres. 


Hold-fire Operation 


The ignition property of the coal must 
again be a dominant factor in the length 
of time the stoker must be operated to 
brighten the fire. It is therefore under- 
standable why the free-swelling index did 
not alone prove to be the factor. A small 
fuel bed of hot coal with a low fuel 
maintenance is all that is necessary. A 
heavy fuel bed of smoldering coal results 
if the stoker feed screw continues to 
deliver coal that will not ignite at the 
rate fed. 


Fuel Bed Resistance te Air 
Flow 


Coals that ignite slowly often cause 
high windbox pressures. Green coal floods 
the tuyeres rather than burning away 
promptly in the air jets. Low windbox 
pressures result when the combustion is 
rapid and a free annular space is left 
around the coke tree and inside the 
clinker ring. 

Any unclinkered ash that falls into the 
annular space contributes to the air re- 
sistance. The windbox pressure also in- 
creases gradually with the amount of 
clinker in the bed simply by increasing 
the height of the annular space through 
which the gases must flow. 


Uniformity of Burning 


Coals that ignite promptly and do not 
coke too strongly burn with a small fuel 
bed. The uniformity of burning is good, 
neither too much nor too little, but ap- 
proximately at the rate the coal is fed. 

The combination of strong coking and 


slow ignition makes for large coke masses. 
While the coke is being formed, the rate 
of burning is slow. After the coke mass 
breaks down and is reignited, the burn- 
ing is fast. The excess air varies inversely 
with the rate of burning. The extreme 
case occurs during the “on” period fol- 
lowing the removal of clinker from a hot 
fuel bed...» coke is broken down in the 
process and reactive surfaces are exposed. 
Long flames and appreciable carbon mon- 
oxide in the flue gas result for a few 
minutes following the resumption of full 
rate combustion. 


Smoke Concentration 


Poor ignition can also contribute to 
off-period smoke. Smoke increases with 
the amount of green coal and partially 
devolatilized fuel above the retort, par- 
ticularly at the center of the fuel mass. 
Prompt ignition and intense burning near 
the tuyeres reduce the coal left to cause 
smoke when the air flow is shut down for 
the “off” period. 

Cenelasion 


The foregoing indicates strongly that 
the ignition property of bituminous coals 
should be investigated in a basic way to 
establish a laboratory method that would 
help not only in evaluating coals but in 
analyzirig the performance of coals in 
combustion. Tests conducted at Battelle 
several years ago with fuel beds ignited 
from above and supplied with air from 
below showed promise of obtaining use- 
ful results. 

Further study might well be given to 
the noncombustible gases liberated from 
coal on heating above room temperature. 
The heat required to raise the tempera- 
ture of the coal, including that for liber- 
ating the gases. should also be measured. 
This heat is not important in relation to 
the total calorific value of the coal, but 
in underfeed ignition the amount of heat 
radiated in the ignition zone is small 
enough to make this factor highly im- 
portant. If the tests could be conducted 
on the same coals used in the laboratory 
stoker tests it may be possible to develop 
a better correlation of all of the data ob- 
tained thus far, and to place a measured 
value on the ignition factor. 


J. B. Purpy (euthor’s reply)—Mr. 
Kaiser’s knowledge of the background of 
these tests has provided a very interesting 
discussion. The limiting values generally 
found to be present among coals not con- 
sidered suitable for use in residential 
underfeed stokers of the clinkering type, 
have been clearly summarized. 

Of special interest are the comments, 
made in Mr. Kaiser’s conclusion, regard- 
ing the need for additional basic research 
on the ignition properties of various coals. 
It is hoped that additional work can be 
accomplished along these lines in the near 
future. 
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Work of the U.S. Geological Survey 
on Coal and Coal Reserves 
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By PAUL AVERITT* 


The U. S. Geological Survey has 
been actively engaged in work on 
coal for more than 50 years. During 
this long period we have released more 
than 300 publications containing in- 
formation about coal and coal reserves, 
including details on the thickness, dis- 
tribution, and quality of coal, and 
the structure and stratigraphy of the 
coal-bearing rocks. We have also 
cooperated with state surveys on 
many similar publications. For many 
areas these reports are the only reliable 
published data on our resources of coal. 

During the last several years we 
have substantially increased our activ- 
ities above the wartime low. We now 
have field work in progress, or reports 
in preparation, on 13 detailed mapping 
projects distributed as follows: 
Pennsylvania anthracite field 
Casselman Basin, Md. 

Leslie County, Ky. 

. Deep River field, N. C. 
Coosa fieid, Ala. 

. Powder River field, Mont. 
Spotted Horse field, Wyo. 
Yampa field, Colo. 

. Paonia field, Colo. 

. Trinidad field, Colo. 


Durango field, Colo. 


FPS 
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12. Chaco River area, N. M. 
13. Lewis and Thurston County 
fields, Wash. 

For two of these areas, the Paonia 
field, Colo., and the Coosa field, Ala., 
we have published recently preliminary 
reports, and final reports are in prepa- 
ration. In addition, we are nearing 
completion of a coal reserve study of 
Montana, and are beginning similar 
studies in several other states, as part 
of a program of revising our estimate 
of national coal resources on the basis 
of presently available data. 


‘Factors Invelved in 
Making Estimates 


Our responsibilities include detailed 
field mapping to secure information on 


White Sulphur Springs Meeting, 
November 1948. 

Paper presented at Joint Fuels Con- 
ference of Coal Division AIME and 
Fuels Division ASME. 

TP 2571 F. Discussion of this paper 
(2 copies) may be sent to Transactions 
AIME before July 30, 1949. Manu- 
script received Dec. 7, 1948. 

Paper published by permission of 
the Director, U. 8. Geological Survey. 

* U. 8S. Geological Survey, Washing- 
ton, D. 


areas of outcrop of coal beds, their 
range in thickness, nature of roof rock, 
amount of overburden, correlation of 
the beds, stratigraphy and structure 
of the coal-bearing rocks, and the 
preparation of coal reserve figures 
based on these data. The computation 
and estimation of resources of coal in 
the ground, like that of resources 
of other mineral commodities, in- 
volves consideration of many addi- 
tional purely geological factors that 
can be appraised best through such 
regional studies. Regional variations 
in the thickness and texture of rocks 
overlying and underlying coal beds, 
for example, give evidence as to the 
probable position of the edges of the 
basin of coal deposition, or may aid 
in the delineation of sand-filled chan- 
nels that sometimes cut out coal beds. 
It is apparent that the detailed field 
studies, in which data are gathered, 
are the basis for coal reserve studies, 
and in our present program these two 
phases of work are being carried on 
together. 


Previous Coal Reserve 
Estimates 


For many years we have been aware 
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of the need for a substantial revision 
of the Campbell reserve figures, which 
were last revised by him in 1928, and 
which have been used widely since 
that time with only minor changes. 
We had little opportunity, or funds, 
for this work during the years following 
1929. However, we did accumulate 
much new data, particularly on Mon- 
tana, and when we were able to start 
a new reserve tabulation, we began 
our national program with a re- 
appraisal of our accumulated data on 
reserves in that state, while we stepped 
up our detailed work elsewhere. 

My examination of published state- 
ments about coal reserves together 
with our own experience, has clearly 
demonstrated the fact that a reserve 
statement is of little value unless a 
considerable amount of data about 
how limits of coal are established at 
depth, minimum thickness of coal 
considered, weight of coal assumed, 
and similar factors are provided to 
show how the estimate was prepared. 
I am surprised at the number of esti- 
mates that do not give this information 
in full, and at the number of writers 
and speakers on the subject who 
attempt to compare estimates made 
on entirely different bases. Mr. Mc- 
Kay's new estimate of Canadian 
reserves, which was made most care- 
fully and conservatively, and which 
includes only the thicker beds currently 
considered to be minable, cannot be 
compared with Mr. Campbell's esti- 
mate of the coal in the United States, 
which includes bituminous coal 14 in. 
or thicker to a depth of 3000 ft. Nor 
can an engineer’s realistic appraisal 
of coal reserves in beds 4 ft thick or 
greater within 2 miles of the outcrop, 
be compared with more generous esti- 
mates of total coal in thinner beds 
and to greater depths. Yet I. have 
seen the published data abused in this 
manner. 


Considerations for 
Carrent Survey 


In our current work on coal reserves 
we have had to face several problems 
peculiar, more or less, to this country. 
We felt impelled to maintain the 
14 in. cutoff established by Mr. 
Campbell so that new state estimates 
would be comparable to the older 
estimates, and so that our tabulation 
would be complete. It was necessary, 
therefore, to establish several inter- 
mediate cutoff thicknesses, so that 
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data would be available for beds of 
present economic interest. For the 
same reason we wished to maintain 
3000 ft as the limit of overburden 
under which mining can be carried 
out, though obviously, values for 
intermediate ranges of overburden 
would have to be calculated. Finally, 
we had to evolve systematic methods 
for handling the vast amount of out- 
crop data available in certain areas 
where little mining or drilling has been 
carried on, and where information 
about coal at depth is not available. 
With these few technical restrictions 
we evolved, with help from Mr. 
Toenges and Mr. Turnbull of the 
Bureau of Mines, a series of procedures 
for calculation and tabulation, which 
we have been following, and which I 
should like to present at this time for 
your consideration and comment. Al- 
though systematic procedures, and 
seemingly arbitrary definitions, are 
necessary, it should be noted that 
these are guides only, and must be so 
used. Actually, geologic interpretation 
and sound judgment enter into the 
application of these definitions and 
procedures to a very considerable 
extent, as is true of all statements of 
policy and objectives. 


Definition of Terms 


First, we adapted the standard 
Geological Survey-Bureau of Mines 
nomenclature for reporting reserves 
of mineral commodities to fit the 
special case of coal. This permitted us 
to define three classes of coal reserves 
according to the reliability of data 
available for making calculations. 


MEASURED COAL 


“Measured” coal, we say, is coal 
for which tonnage is computed from 
dimensions revealed in outcrops, 
trenches, mine workings, and drill 
holes. The points of observation and 
measurement are so closely spaced, 
and the thickness and extent of the 
coal is so well defined that the com- 
puted tonnage is judged to be accurate 
within 20 pct or less of the true ton- 
nage. Although the spacing of the 
points of observation necessary to 
demonstrate continuity of coal will 
vary in different regions according to 
the habit of the coal beds, we are 
assuming that for “measured” coal 
the points of observation will be, in 
general, on the order of 44 mile apart. 


The outer limit of a block of “meas- 
ured” coal, therefore, is of the order 
of 14 mile from the last point of posi- 
tive information (that is, roughly 
one half the distance between points 
of observation). 

Where no data are available other 
than measurements along the out- 
crop, but where the continuity of the 
outcrop is measured in miiles, and 
suggests the presence of coal at great 
distances in from the outcrop, we 
feel that a certain amount of coal 
should be classified as measured. We 
are proposing, therefore, a smooth 
line drawn roughly 34 mile in from 
the outcrop, be used to mark the 
limit under cover of a block of coal 
that can be classed as “measured.” 


INDICATED COAL 


“Indicated” coal is coal for which 
tonnage is computed partly from 
specific measurements, and partly from 
projection of visible data for a reason- 
able distance on geologic evidence. In 
general, the points of observation are 
of the order of 1 mile apart, but may 
be as much as 1}4 miles for beds of 
known geologic continuity. For ex- 
ample, if drilling on 34 mile centers 
has proved up a block of “measured” 
coal of fairly uniform thickness and 
extent, the area of “measured” coal 
as defined above is, according to the 
judgment of the estimator, larger than 
the actual area of drilling by as much 
as }4 mile on all sides. If from geologic 
evidence the bed is believed to have 
greater continuity, this area of “ meas- 
ured” coal is surrounded by a belt 
of “indicated” coal, which according 
to the judgment of the appraiser, 
may be as much as 144 miles wide. 

Where there are no data available 
other than measurements along the 
outcrops, but where the continuity of 
the outcrop is measured in miles and 
suggests the presence of coal at great 
distances in from the outcrop, we 
propose that two lines drawn roughly 
parallel to the outcrop, one 44 mile 
in from the outcrop, and one 2 miles 
in from the outcrop, be used to define 
a block of coal that may be classed as 
“indicated.” 


INFERRED COAL 


“Inferred” coal is coal for which 
quantitative estimates are based 
largely on broad knowledge of the 
geologic character of the bed, or 
region, and for which there are few, if 
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any measurements. The estimates 
are based on an assumed continuity, 
for which there is geologic evidence. 
In general, inferred coal lies outside 
the limits defined for “measured” and 
“indicated” coal. Where there are 
only outcrop data on which to base 
estimates, “inferred” coal is coal 
lying more than 2 miles in from the 
outcrop and within limited areas estab- 
lished as I shall describe in a later 
paragraph. 


PROVED, PROBABLE, AND 
POSSIBLE 


It has been suggested that the terms 
“proved,” “probable,” and “pos- 
sible” are in more general use in the 
coal industry for reporting coal re- 
serves. As I see it, the two sets of 
terms are loosely comparable, and 
those who wish to do so might sub- 
stitute, with perhaps slight revision 
of the definitions, the terms “ proved,” 
“probable,” and “possible.” The im- 
portant thing is that such terms be 
defined. 


Methods of Estimating 
Extent of Coal Beds 


We have had to use several ways to 
limit the assumed extent of each 
coal bed in preparing our estimates. 
Where the continuity of the bed is 
well established by maps of the out- 
crop, mine workings, and drill holes 
as in the Pittsburgh bed, the entire 
area of known occurrence is taken, 
even though points of observation are 
widely spaced. Persistent beds that 
have been traced around a basin or 
spur are considered to underlie the 
area enclosed by the outcrop. Other- 
wise, the length of outcrop within 
the thickness limits listed above is 
considered to establish the presence 
of coal of all classes in a semicircular 
area having a radius equal to 34 the 
length of the outcrop. The total area 
of coal is considered to extend beyond 
such a semicircle only if mine working 
or drill holes so indicate; in which case 
coal is considered to extend only 1 mile 
beyond the limits of the positive 
information. An isolated drill hole too 
far removed to be incorporated in the 
area thus defined, is considered to 
determine an area of coal of all classes 
extending for a radius of 44 mile 
around the hole. 
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ESTIMATING WEIGHT OF COAL 
RESERVES 


Many estimates of coal reserves 
have been based on assumed weights 
of coal somewhat lighter than available 
specific gravity determinations indi- 
cate. Assumed values as low as 1500 
and 1688 tons per acre foot for bitumi- 
nous coal have been used, for example, in 
detailed published statements, whereas 
the average weight of bituminous coal 
in the ground is nearer 1800 tons per 
acre foot. We have established, there- 
fore, the arbitrary policy that where 
other precise data are not available 


the following values shall be assigned: 
Short Tons 


Acre Foot 
Anthracite and semianthracite...... . 2,000 
Bituminous coal................... 1,800 
ituminous coal................ 1,770 
DETERMINATION OF 
OVERBURDEN 


We are working now to provide in 
our future coal reserves work, very 
detailed information about the over- 
burden on each category of coal re- 
serves. (By overburden I mean the 
thickness of rock overlying the coal, 
regardless of whether it is above or 
below drainage.) In our work on 
Montana, however, where topographic 
information is not always available, 
we have had to content ourselves with 
reporting coal between 0 and 2000 ft. 
As coal is frequently mined under an 
overburden of more than 1000 ft, and 
as very little is mined under an over- 
burden of more than 2000 ft, this 
seemed a reasonable and convenient 
cutoff, and I wonder if this limit 
would not be satisfactory in reporting 
all coal reserves. In most states, how- 
ever, it will be possible to calculate 
reserves between 0 and 1000; 1000 to 
2000; and 2000 to 3000 ft overburden, 
and we are prepared to do so. 


THICKNESS CATEGORIES 


There is some doubt in my mind as 
to the most desirable thickness cate- 
gories for reporting coal reserves. At 
present, in our work on Montana, we 
are using the following: 

For bituminous coal 

1. More than 36 in. 

2. 24 to 36 in. 

3. 14 to 24 in. 

For subbituminous coal and lignite 

1. More than 10 ft 

2. 5 to 10 ft 

3. 2% to 5 ft 

It has been suggested, however, that 


in the future we use the following for 
bituminous coal: 

1. More than 42 in. 

2. 28 to 42 in. 

3. 14 to 28 in. 
I would be very interested to hear 
expressions of opinion on this most 
important point. 


CALCULATIONS FOR INDIVIDUAL 
BEDS AND SMALL UNIT AREAS 


Finally, we have established to our 
own satisfaction that it is desirable 
in calculating reserves to make calcu- 
lations for individual beds and for 
small unit areas. In this way the in- 
formation is of maximum usefulness, 
and the calculations can be checked 
and changed as new data become 
available. We also feel that the legiti- 
mate function of the Geological Survey 
is to compute the total coal in the 
ground before mining began. This 
figure is not subject to change because 
of economic conditions, or changes in 
mining practice, and it is the base from 
which coal “ mined, and lost in mining” 
and “recoverable coal’’ can be ob- 
tained by the application of engineer- 
ing principles. 


Cenelusion 


The coal fields of the United States 
are large in all dimensions. They cover 
roughly 350,000 square miles; or 
approximately one-ninth of the total 
area of the United States. The coal- 
bearing rocks commonly are several 
thousand feet thick, and, as in West 
Virginia, contain as many as 117 
named and correlated coal beds. The 
thing that impresses me as I watch 
the progress of our work, is that an 
estimate of the coal reserves in this 
great volume of rock is an expensive 
and time-consuming job. It requires 
that data be assembled, analyzed, 
and then presented in numerous cate- 
gories. Many insidious errors are 
inherent in the process. People who 
talk about a quick estimate to “show 
the facts” are making the error of 
thinking that because there is an 
abundance of information, it is easy 
to make an estimate. Actually, the 
reverse is true. The more informa- 
tion, the more work required to assimi- 
late it, and the more detail necessary 
to present it fairly. The “facts” as I 
see them are that we need in this 
country a new, detailed estimate of 
coal reserves, and that to get it will 
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require both time and money. Any 
attempt to secure a quick answer will 
yield a figure that very likely cannot 
be substantiated, and certainly will not 
yield information in the detailed form 
now desired. 

It will be about 10 years before a 
completely new estimate can be pre- 
pared for the coal reserves of the 
United States at our present rate of 
progress, though of course, much in- 
formation will be available in the 
interim. We would like to present 
such information as we obtain in the 
form most acceptable to the industry, 
and to that end we are working closely 
with coal resource committees of the 
AIME, the National Bituminous Coal 
Advisory Council, and the Bureau of 
Mines. 


DISCUSSION 


G. H. Capy*—Mr. Averitt’s descrip- 
tion of the nature of the coal resources 
investigations of the United States Geo- 
logical Survey and the progress of this 
work is very timely in view of the general 
interest in the subject of coal resources. 
The Federal Survey is obviously taking 
the “long view” with respect to the 
appraisal of the coal resources as part 
of the preparation of the general geo- 
logical map of the country and the 
attendant determination of the quantity 
of all mineral and fuel resources. It is 
apparently for regional surveys of the 
conventional type that the detailed pro- 
cedures employed by the Federal Survey 
are applicable. Even if so it is somewhat 
unexpected to find the same criteria 
for evaluation will be applied to the 
country as a whole. 

The work on coal resources appraisal 
has been proceeding at various rates in 
a number of coal producing states for 
various periods. Undoubtedly since there 
has been no common practice in the 
method of appraisal the states each 
have worked independently and inde- 
pendently of the Federal Survey, and 
each has adopted certain practices to 
meet local conditions. I do not know 
how much consideration has been given 
by the U. S. Geological Survey to these 
practices. It seems probable that such 
consideration might result in important 
modifications of the standards which 
apparently have been set up by the Fed- 
eral group in line with local requirements. 

It is the practice in some state surveys 
to present the facts in regard to the 
occurrence and distribution of coal 
beds and their variations in thickness 
down to thicknesses of 1 to 134 ft in 
relatively narrow stages up to maximum 
thickness. It is then possible for any one 
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using such figures to compile quanti- 
tative estimates of workable coal at 
various minimum thickness limits. This 
is a desirable objective where surveys 
are detailed and information correspond- 
ingly good. However, vast quantities of 
coal lie in beds that are relatively thin 
about which little information is avail- 
able and the quantity of such coal might 
affect the final appraisal to the extent 
of several thousand million, depending 
upon the minimum limitation observed. 
Thus in the case of Illinois a difference 
of 1 ft in average thickness of coal in the 
coal field would make a difference of 
approximately 35 billion tons in the 
estimated quantity present. One is 
dealing with a very large area and small 
differences in thicknesses are very impor- 
tant in the overall picture. 

The estimate of 10 years to accomplish 
the sort of detailed appraisal outlined by 
Mr. Averitt is viewed somewhat skep- 
tically and certainly would require many 
more trained geologists than seem to be 
available. The requisite detailed mapping 
and study are very time consuming not 
only because of the geological field work 
required, which is difficult in certain 
seasons, but also in order to assemble 
data from company and personal files, 
and to study drill records and cores, and 
to sample and analyze the coal. Unless 
the staff of geologists could be increased 
in the order of several hundred per cent 
the prospects are that the appraisal of 
the type suggested will require many 
decades not just one. The permanent 
value of such appraisal, however, is not 
questioned and it should be expedited 
as rapidly as means allow. 

Satisfactory appraisal is not easily 
achieved and will vary from time to time. 
The main function of a geological survey 
is to collect and present the facts that will 
make possible appraisal in terms of exist- 
ing conditions by individuals, particu- 
larly engineers, qualified by training and 
experience for making such estimates. 
Thickness and character of the coal bed, 
nature of the overlying and underlying 
strata, position, thickness, and character 
of “partings,”’ relationship to other coal 
beds, and a variety of other factors must 
be assembled by the geologist in order 
to present a complete picture of the 
engineering factors are in general outside 
the field of geological experience. The 
geologist should see to it that the perti- 
nent geological facts are available; much 
more information than simply thickness 
and depth of the coal beds is essential 
to meet all the requirements of appraisal 
in the future as well as at present. 

With respect to the present demand 
by engineers and coal mine operators 
and others for a rapid re-appraisal of the 
available coal resources, in the light of 
existing practices and those in imme- 
diate prospect, the Federal procedure of 
systematic mapping and appraisal is 


scarcely in line. It will be necessary for 
those particularly interested in having 
such an estimate made to establish 
standards with respect to the various 
factors involved so that the scope of the 
geological work can be definitely re- 
stricted for the various coal fields. There 
is little use in setting up general standards 
since no such standards will be applicable 
to all fields. Thus it is folly to establish 
a standard minimum thickness to be 
generally applicable which is one-half 
to one-third the minimum minable 
thickness in some fields. The greatest 
difficulty in appraisal of the presently 
actually workable coal bed lies in the 
variation in the importance placed on 
roof, floor, structural conditions, bedded 
impurities, sulphur content and other 
factors that affect judgment relative to 
the value of a coal bed. It is doubtful 
whether any appraisal will have universal 
approval in view of the variable factors 
involved. 

For this reason if none other, the 
facts should be carefully and painstak- 
ingly assembled after the manner of a 
systematic geological survey such as 
that advocated by Mr. Averitt. Only 
upon the basis of such information can 
reliable estimates be made in line with 
selected conditions. 


Paut Averitr (author's reply)— 
In this paper I discussed, but did not 
define as such, two major phases of our 
activities on coal, which are closely 
related, and which normally we in the 
U. S. Geological Survey see as an inte- 
grated whole. It is understandable, 
therefore, that Dr. Cady should assume 
that my remarks applied only to the 
current work on coal reserves with which 
I am directly concerned. In view of 
Dr. Cady’s discussion, however, I think 
a brief summary of the two phases of 
U. S. Geological Survey activities on 
coal will be appropriate. 

The long-term function of the U. S. 
Geological Survey on coal investigations 
is to make detailed geologic studies, in- 
volving the preparation of detailed geo- 
logic maps showing the outcrops 
and correlations of coal beds, direction 
and dip of coal-bearing rocks, nature 
and thickness of overburden, location 
of faults ‘and fold axes, and similar 
features. Such studies also yield many 
measured sections of coal and asso- 
ciated strata, which show variations 
in the thickness of the beds, and the 
intervals between coal beds. Taken 
as a whole, detailed geologic studies 
provide much useful information for 
Cady points out, this type of geologic 
work is arduous and time consuming, 
but it provides the basic data that are 
necessary both in the development of 
our coal fields, and also in the preparation 
of coal-reserve estimates, which are dis- 
cussed in the next paragraph. The U. 8. 
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Geological Survey and the state surveys 
have been doing such detailed work for 
more than 50 years, yet some areas in 
the United States have never been 
mapped, and in many others the work is 
only of a reconnaissance nature. Dr. Cady 
is correct in his statements to the effect 
that the detailed mapping to modern 
standards of all the coal fields in the 
United States would require a large staff 
of geologists for many decades. This, 
then, may be regarded as the continuous, 
long-term phase of our activities, which 
has been in progress for more than 50 
years, and may still be incomplete 50 
years hence. 

From time to time in the course of 
this long-term program of detailed field 
surveys in the coal-field areas, we bave 
paused to reappraise the coal reserves of 
the United States on the basis of the 
available data. Such appraisals were 
made in 1913, 1928, 1937, and 1943. The 
interval between 1928 and the present, 
however, has witnessed both a major 
depression and a major war, and during 
this period we were unable to devote the 
proper amount of time to the revision 
of the estimates: the estimates made since 
1928, therefore, are dependent in large 
part on old data. We are now engaged in 
a new appraisal of coal reserves, based on 
data currently available, and augmented 
locally by data from our active program 
of detailed geologic studies mentioned 
above. This new estimate, which is in- 
tended to be somewhat more detailed 
and thorough than previous estimates, 
will nevertheless still be only a pro- 
visional estimate, and will include much 
coal that can be classed only as “‘in- 
ferred” or “possible” because of the 
paucity of information. Inevitably, such 
an estimate, like all reserve estimates, 
will be subject to modification the day 
after it is prepared. I am sure Dr. Cady 
will agree that a new estimate of reserves 
can be prepared on this basis in a modest 
length of time, depending, of course, on 
the size of the staff so employed. 

Dr. Cady’s comment about the pos- 
sible value to the U. S. Geological Survey 
of procedures employed by the several 
state surveys that have estimated their 
reserves is, of course, most appropriate. 
I examined with profit the procedures 
employed by the Pennsylvania, West 
Virginia, Ohio, Illinois, Kansas, and 
Canadian surveys, before formulating our 
own. I also submitted our method of pro- 
cedure to the Committee on World Coal 
Resources of the AIME, of which Dr. 
Cady is a member, and received several 
very helpful suggestions, which I here take 
opportunity to acknowledge. Of the pro- 
cedures employed by other geological 
agencies, however, only the Kansas and 
Canadian surveys attempted a break- 
down of the data by classes according to 
the reliability of the information, and 
none have published a breakdown by 
range of thickness of beds, though all 
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have provided much data on the range 
of thickness and average thickness of 
the individual beds. I believe, therefore, 
that having profited by our own past 
experience in estimating reserves, and 
having borrowed what we could from our 
friends, we are on the way toward a new 
reserve figure that will be an improve- 
ment on previous estimates, and will 
present data in the detail required for 
modern needs. It is our hope, of course, 
that all state surveys will collaborate on 
coal-reserve estimates to some standard 
specifications. Some will doubtless be able 
to contribute more in data and evaluation 
than others, but all should participate. 
Naturally we expect to arrive at mutual 
understandings with the state surveys 
regarding the scope of responsibilities 
to be assumed. 

I agree with Dr. Cady that the main 
function of a geological survey is to 
collect and present the facts, because 
the fundamental basis for all coal- 
reserve estimates is furnished by geologic 
surveying of coal outcrops, the establish- 
ment of the correlation of the coal beds 
between points of observation, and the 
measurement of bed thicknesses. It is 
likewise a function of the geologist to 
estimate the reserves of coal in the 
ground, which calculations can be made 
directly from the geologic data, and other 
data obtained during the course of field 
surveys. Naturally, studies of recover- 
ability and minability are the functions 
of mining engineers. It is, however, the 
duty of geologists to present their data 
on reserves in the form that will be most 
useful to aid in studies of minability, and 
to aid those who would mine the coal, or 
make plans based upon its minability. 
It is for this reason that we are now 
making reserve estimates in several 
classes, both according to the reliability 
of the data on which the estimate is 
based, and according to the range of 
thickness of the beds. 

The need for a breakdown of coal- 
reserve data into classes will materially 
increase the time required to do the job, 
but this is an inevitable consequence of 
the demand for more detailed informa- 
tion. A better job always takes longer, 
or takes more men. The U. S. Geological 
Survey can complete the coal-reserve 
appraisal in less time if larger funds are 
made available. 

The establishment of standards and 
procedures for carrying on coal reserves 
work is one of the most difficult problems 
to resolve. As Dr. Cady points out, 
“In the case of Illinois, a difference of 
1 ft in the average thickness of coal in 
the coal field would make a difference of 
approximately 35 billion tons in the 
estimated quantity present.” It is ob- 
vious that coal reserves no longer can be 
estimated on so gross a scale. It is ob- 
vious also, that some procedures must 
be established for carrying on the work. 
Some simple, reasonable procedure is 


required, for example, in weighting the 
average thickness of coal used in making 
the estimate for each individual bed, 
Likewise, there must be some simple, 
reasonable procedure for defining the 
area of coal to which a given thickness is 
applicable. Otherwise, large gross errors 
of overestimation will be perpetrated. 

The principles we have established 
have evolved slowly as new problems have 
arisen and new suggestions have been 
received. We have, for example, accepted 
the recommendation of the National 
Bituminous Coal Advisory Council that 
reserves be calculated for bituminous 
coal in the thickness range between 28 
and 42 in., and if possible, at 1 ft intervals 
above 42 in. We have also accepted the 
recommendation that the reserves be 
calculated for the several subdivisions of 
the bituminous rank, and, wherever 
possible, for sulpbur content in certain 
ranges. Dr. Cady’s statement that 
“There is little use in setting up general 
standards .. . ” reflects, I think, his 
long experience in coal reserves work, 
and his awareness of the magnitude of 
the problem of calculating reserves to 
fit every specification and every set of 
mining conditions. We, too, are aware of 
this difficulty. The problem should be 
faced, however, not by abandoning 
standards and procedures, but by estab- 
lishing a very few simple standards and 
procedures that seem to fit most needs, 
and apply to most regions. This we are 
trying to do. In practice, the standards 
and procedures that we have evolved, 
and that are still changing, are used 
merely as a general guide to establish a 
reasonable uniformity of thinking on 
the part of the geologists engaged in esti- 
mating reserves. It is clearly necessary 
for each geologist to rely heavily on his 
own judgment, based on his knowledge 
of the habit of the coal and associated 
rocks in the area being appraised. As I 
have stated, ‘Although systematic pro- 
cedures and seemingly arbitrary defi- 
nitions are necessary, it should be noted 
that these are guides only, and must be 
so used. Actually geologic interpretation 
and sound judgment enter into the appli- 
cation of these definitions and procedures 
to a very considerable extent, as is 
true of all statements of policy and 
objectives.” 

The current interest in coal as a 
potential source of liquid fuels, and the 
insistent demand for precise quantitative 
information about our coal reserves 
should be very gratifying to many mem- 
bers of the coal industry who have 
pointed out the need for this very thing 
for so many years. I think now that 
with the support of industry and with 
the application of considerable labor the 
U. S. Geological Survey and the state 
surveys acting together can produce 
during the next few years a new estimate 
of coal reserves that will serve current 
needs. 
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“STILL tHE IDEAL FLOTATION FROTHER FOR 


SULPHIDE AND NON-SULPHIDE MINERALS 


HAVE YOU TRIED THIS NEW COLLECTOR? 


Hercules Rosin Amine D provides a relatively new 
cationic flotation reagent—an excellent collector for 
silica and siliceous minerals. It can be used to beneficiate 
Many non-metallic and oxide ores, such as feldspar, 
rock, cement rock, and iron ore. Write for details. 
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DENVER FLOTATION MACHINES 


PROBLEM «© Treating coal fractions from 
1/16”-0. Two objectives are sought— 
1) to save marketable grade of coal in 
these sizes and 
2) eliminate stream pollution from wasted 
slurry water. . 
These coal fractions cannot be satisfactorily cleaned 
by “gravity” methods. With flotation remaining as the 
most acceptable solution, a prime consideration is that 
the flotation machine used must be capable of han- 
dling both coarse and fine sizes effectively. The rapid 
rising, dense agglomerate type “matte” coal concen- 
trate must be removed and dewatered in large volume. 


SOLUTION © No commercial flotation machine 
can treat both coarse and fine sizes so effectively as 
the Denver “Sub-A.” This selective feature plus its 
extreme mechanical and metallurgical flexibility makes 
it the logical choice for coal cleaning work. 

Removal and dewatering of the dense agglomerated 
“matte” concentrate was accomplished with special 
“deep-digging” punched plate rakes which carry the 
7-8” coal matte up the spitzkasten allowing surplus 
water to drain back in the pulp through the perforated 
rakes. Further dewatering is carried out in a wedge 
bar compression screw conveyor. Surplus water returns 
via middling feed pipe to the Denver “Sub-A” Flota- 
tion cell for re-use, thus eliminating surplus slurry water. 


FEED CLEANED COAL REFUSE DISTRIBUTION, % Sa 
SCREEN SIZE, MESH “Weight, | Ash Weight, | Ash. Weight, | Ash. Cleaned | food 
MINE , 10t0 14 18.8 11.9 23.0 62 9.1 31.6 77.6 22.4 Kerosene, 3.27 
1 l4te 35 51.4 19.1 56.0 7.6 31.9 65.3 80.1 19.9 8-23 Frother, 0.24 
35 to 100 23.3 40.3 17.0 13.4 35.6 81.8 60.7 39.3 — Pine Oil, 0.11 
Through 100 65 58.3 40 19.3 23.4 84.0 39.7 60.3 
Composite through 10__100.0 25.2 100:0 87 100.0 72.5 74.1 25.9 
MINE % 10to 35 64.2 10.5 58.2 3.4 54.0 50.7 85.0 15.0 Kerosene, 3.46 
" 35 to 100 22.6 10.5 26.9 46 22.2 66.2 90.4 94 8-23 Frother, 0.26 
Through 100 13.2 12.8 149 63 23.8 64.8 88.9 11.1 Pine Oil, 0.20 
Composite through 10 _100.0 10.8 100.0 42 100.0 57.5 87.6 12.4 
1*—Moisture free basis 


CONSULT WITH YOUR DENVER “FLOTATION ENGINEERS” 


DENVER EQUIPMENT COMPANY 
DENVER 17, COLORADO 


NVER + NEW yORK cry « emicace ‘ToRONTO * VANCOUVER © MEXICO ary * LONDON JOHANNESBURG RICHMOND, AUSTRAUL 


P.O. BOX 5268 
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Book Reviews 


Ore Genesis Hypothesis 
Ore Genesis—A Metallurgical Inter- 
pretation. By John Stafford Brown. 


Hopewell Press, N. J. 204 p. 1948. 
$3.50. 


Reviewep sy W. NewHouse 


This is a refreshing book. In com- 
pact, well organized form the author 
presents a working hypothesis “that 
eres were vaporized, chiefly as simple 
mineral substances from horizons deep 
within the earth’s crust at which they 
had collected by various processes 
during the fusion of the encompassing 
rock materials.” 

The time sequence of the minerals 
in ores is believed to be related di- 
rectly to their specific gravity. Vola- 
tilization of the earlier lighter ore 
materials takes place first from the 
upper layers of a gravity stratified res- 
ervoir, while the heavier and later ore 
elements come from the lower layers. 

Zoning of ores relative to an igne- 
ous focus is explained by the relative 
volatility of the minerals. 

The reviewer thinks that some parts 
of the hypotheses fit well with known 
facts; the same can be said of 
the hydrothermal hypotheses. Neither 
group gives a complete explanation. 

The individual ore layers arranged 
by gravity are hard to accept. Much 
information that appears trustworthy 
is hard to reconcile with that hypothe- 
sis. Why so many little ore bodies 
from such a large source? Why no 
epigenetic ore bodies or districts with 
billions of tons of ore? The volatility 
of the sulphides is considered, but 
what about the relative volatility of 
the rocks and minerals which they 
frequently replace? It should be re- 
marked that the analogous data are 
lacking to support a hydrothermal 
hypothesis or any other kind of hypo- 
thesis. Little work is being done in 
this important field; instead for sev- 
eral decades, geologists have largely 
concentrated their efforts on those as- 
pects that might directly contribute to 
finding ore. As a long term policy this 
is as sensible as milking the cow but 
Rot feeding her. Dr. Brown is to be 
congratulated for a stimulating book 
in a field that has become stuffy and 
dogma ridden, and the St. Joseph 
Lead Co. is commended for its liberal 
Policy. 
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REDUCE DOWNTIME 


with YUBA DREDGE PARTS 


Made for all dredges ....long-wearing.... 
built to fit exactly .... quick delivery. 
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BUCKET PINS OF ALL SIZES 


Yuba makes bucket pins from the smallest to the 
diameters, and has supplied some customers 

pins ever since 1912; thus attesting to the high 
quality and satisfaction our pins will give you 


Yuba Abrasion Steel 
screen plates were ange es- 
for service. 


Yuba will build We will send you prices and delivery information 


special spianeane immediately. No obligation. Remember, we 
to our order. 
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whether Yuba design or not. 
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spaced, to give you efficient and 
accurate screening. A.R.S. plates 
ate stocked in all usual thick- 
nesses from 44” up. 
OVE Yuba parts, such as bucket pins and 
a. A.R.S. screen plates shown here, increase 
average daily running time and profits. 
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a Only OPERATING time is profitable time for 
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USED THROUGHOUT THE WORLD 
WHEREVER LARGE TONNAGES 
OF ROCK OR ORE ARE SCREENED! 


Manufacturers of Woven Wire Screens and 


"THE W. S. TYLER COMPAN 


LEVELAND 14, OHIO 


New Books Received 


(Continued from p. 39, Sect. 1) 
The Gold Placers of Montana. By 
Charles J. Lyden. Received in Jan. 
$1. Detailed data on placer de- 
posits and operations in Montana, 
with 28 detailed maps. 


Minerals and Mineral Deposits. By 
W. R. Jones and David Williams. 
Received in Feb. $2. Nontechnical 
history, shape, and internal struc- 
ture of minerals, and their physical 
characters, mode of occurrence, and 
importance. 


Patent Law. By C. H. Biesterfield. 
Received Feb. 28. $4. Presents 
basic principles of the substantive 
patent law in understandable terms. 


Radioactive Measurements with Nu- 
clear Emulsions, By Herman Ya- 
goda. Received April 7. $5. Co- 
ordinated study on the use of photo- 
graphic emulsions in measuring ra- 
dioactivity. 


Sedimentary Rocks. By F. J. Petti- 
john. Received Jan. 28. $7.50. Use- 


ful single-volume guide to the ob- ~ 
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VERTICAL TURBINE PUMPS 


servation, classification, and inter- 
pretation of sedimentation and sedi- 
mentary rocks. 


Examination and Valuation of Mineral 
Property. Third Edition. By Rol- 
and D. Parks and W. L. Whitehead. 
Received in Jan. $5. Aid in the 
accurate appraisal of mining prop- 
erties of value to mining engineers, 
geologists, and oil men. 


Engineering the New Age. By John J. 
O'Neill. Received Feb. 21. $3.50. 
A challenge to mankind to adopt 
simple scientific truths in building 
the world of tomorrow. 


Organization, 
Coal Mines Committee, General Re- 
port. Received April 1. $1.25. The 
ILO group’s report covers their 
work performed from December, 

1948, to this April; an international 

. survey of labor-management rela- 
tionships in coal mining; and a 
survey of trends since 1945 within 
the industry. 


NEW TECHNICAL BOOKS 
Engineering Societies 
Library 
New books can be borrowed by AIME 
members in the United States or 
Canada for a nominal fee. Bibliogra- 


phies, photostats, microfilm, and trans- 
lations can also be supplied. 


Advanced Surveying and Mapping. By 
G. D. Whitmore. International Text 
book Co., Scranton, Pa., 1949. 619 
p., illus., diagrs., charts, tables, 
8 x 5 in., paper, $5. 

This book provides instruction ma 
terial for a college course covering 
such subjects as geodetic surveying 
and mapping, precise surveying i 
city work, and aerial photogrammetry. 
Complete detailed descriptions are 
given for methods of making field 
measurements and observations and 
procedures for performing calcula 
tions. A working knowledge of ele 
mentary algebra and plane trigonom 
etry is assumed. A brief treatment of 
the practical application of the theory 
of least squares is appended. 
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Grinding... 


YORK, PENNSYLVANIA — 240 Arch St. 


NEW YORK 17—122 E. 42nd St. - 
SAM FRANCISCO 11—24 Colifernie St. 


balls, pebbles, or product itself. Bulletin 18-A. 


205 W. Wecker Drive—CHICAGO 6 


| STRAITLINE 


@ Potential wealth in 

your mineral property 

is of little use until ac- 

tual values are disclosed by a few well placed drill 
holes. If deep tests are required, the UG Straitline 
_ will handle such work rapidly, and economically to 
depths of 2000’ recovering 7/8" core. Also, larger holes 

can be drilled, with somewhat less capacity. 

MERE ARE SOME DETAILS— UG Straitlines are available 
with gasoline, Diesel, air or electric motive power. 
Hydraulic or screw feed drilling head may be specified. 
Drills are equippec' with clutch, 4-speed transmission, 
and built-in hoist. Write for Bulletin M57. 


Gold Mining in South Africa. By 
C. W. Biccard Jeppe. Todd Refer- 
ence Library, Todd Publishing 
Group Ltd., London, W.1. 1948. 160 
p., tables, 744 x 5 in., cloth, 7s.6d. 
This book covers the historical, ge- 

ological, technical and sociological as- 

pects of gold mining in South Africa. 

Tt also contains a review of the exist- 

ing ore reserves and the part the in- 

dustry must play in the future econ- 
omy of the Dominion. 

Statistical Year-Book of the World 
Power Conference, No. 4. Data on 
Resources and Annual Statistics for 
1936-1946, edited by F. Brown. 
World Power Conference, 201-2 
Grand Buildings, Trafalgar Square, 
London, W.C.2. 1948. 212 p., tables, 
ll x 8% in., cloth, £2:5s. 

This compilation contains statistics 
of the resources, production, stocks, 
imports, exports, and consumption of 
power and power sources in all the 
countries of the world for which it 
was possible to obtain information. 
The power sources included are coals, 
brown coal and lignite, peat, coke, 
manufactured fuel, wood, petroleum, 
benzoles, alcohols, natural gas, manu- 
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factured gas, water power, and elec- 
tricity. Most of the statistics were 
supplied by government organizations 
in the countries concerned, and con- 
form to standard definitions which are 
reproduced in the text. 


Pumping Study 
Centrifugal and Axial Flow Pumps. 
By A. J. Stepanof. John Wiley & 
Sons, New York City. 1948. 428 p. 
$7.50. 


Reviewep sy Artuur I. Horm 


This book is a masterly presenta- 
tion of the theory, design, and ap- 
plication of centrifugal and axial flow 
pumps, and is the culmination of 
years of study, research, and experi- 
mentation in all phases of the subject. 

Dr. Stepanoff, for the past twenty 
years, collected from all parts of the 
world nearly all available material on 
the subject of centrifugal pumps, and 
the study and use of this material, 
coupled with theoretical and experi- 
mental studies, enabled him to write 
an authoritative and complete book- 
length treatise on the art which is 
commensurate with new developments 
in the practices and uses of centrifu- 


gal and axial flow pumping ma- 
chinery. 

A new method for the theoretical 
treatment of the centrifugal pump im- 
peller is presented, as is also a re- 
sulting simple diagram which com- 
bines the important design elements 
and performance characteristics of 
centrifugal and axial flow pumps. 

Although the book is primarily in- 
tended for engineers, consultants, and 
plant designers in the pump industry 
as well as for advanced students, pre- 
paring to enter the field, it can be 
read with profit by anyone interested 
in pumping problems. 

It is unfortunate that the outward 
appearance of the centrifugal pumps 
is not more pretentious, considering 
the duty it performs and is expected 
to perform. Too often the installa- 
tion and maintenance are also any- 
thing but pretentious and the pump 
suffers accordingly. 

Dr. Stepanoff's book tells an un- 
usual story of what takes place in- 


' side the relatively drab exterior of 


the centrifugal pump which inspires 
respects for this glamourless type of 
machinery. 

(Continued on p. 42) 
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Engineering Societies 
Personnel Service, Inc. 


New York—& West 40th St., Zone 18. 
Detroit—100 Farnsworth Ave. 


San Francisco—57 Post St. 
Chicago—84 East Randolph St., Zone 1 


In applying jor positions advertised by the Service, the appiicant agrees, if actually 
placed in a position through the Service as a result of these advertisements, to pay a 
placement fee, established to maintain an efficient, nonprofit service. 

When making application for a position include six cents in stamps for forwarding 
application to the employer and for returning when necessary. 

All replies should be addressed to the key numbers indicated and mailed to the 


York office. 


A weekly bulletin of engineering positions open is available to members of the 
co-operating societies at a subscription of $3.50 per quarter or $12 per annum, 


in advance. 


MEN AVAILABLE 
ENGINEER AND EDUCATOR, 


young, married, several years’ experience 
in mineral industries, research, teaching. 
Doctorate and graduate of several well- 
known universities. Desires position in 
academic field. Deanship or chairman- 
ship of department of metallurgy pre- 
ferred. Some ,teaching duties with ad- 
ministrative functions desired. M-431. 
GRADUATE MINING ENGINEER 
AND GEOLOGIST, 39, married. Ex- 
perience in geologic exploration, mine 
production, examination and evaluation, 
milling, western U. S., eastern Canada, 
Philippines. Spanish spoken. Mexico, 
Central America preferred. Available 
immediately. M-432. 


POSITIONS OPEN: 
MINE SUPERINTENDENT with ex- 


perience in cut and fill stoping, mine de- 
velopment, shaft sinking, maintenance. 
Must’ have fair working knowledge of 
Spanish and ability to handle labor. Ap- 
proximately $9600. Reply giving age, 
experience, etc. Latin America... Y1320. 
ASSOCIATE PROFESSOR, Ph.D. in 
optical mineralogy and ceramic petrogra- 
phy and some practical experience in 
petrography and ceramic petrography. 
$4500 for nine months. Missouri. Y1497C. 
MINING ENGINEER, young, two to 
five years’ experience, and with good 
knowledge of mechanized coal mining. 
Will function as assistant to executive in 
New York office and as liaison between 
mines and office. Salary open. New York 
City. Y1943. 

MINE SUPERINTENDENT, grad- 
uate mining engineer, executive type, ten 
years’ experience, four years of which 
must have been in coal mining; other 
experience in metal ‘mining will be ac- 
ceptable where coal mining methods 
have been used. Will be responsible for 
laying out plans, developing mechaniza- 


Section | 


tion methods, etc. $7500. Wyoming. 
Y1949S. 

CHEMIST-ASSAYER, graduate, ex- 
perienced in fire assaying and wet deter- 
minations of lead, zinc, copper, gold, 


silver, tin, tungsten, bismuth, antimony 
‘an engineering career with some as- 


ores and concentrates, to take charge of 
laboratory employing twenty workmen 
and handling about 9000 assays monthly. 
Standard three-year contract. Working 
knowledge of Spanish essential. $4200, 
plus one month’s bonus; single status 
preferred; if married single status for 
six months, free transportation to Bolivia 
by air for employee and wife, free living 
quarters, four weeks’ vacation yearly. 
Y2344. 

MINING ENGINEER, recent grad- 
uate, for gold mining operation. $2400, 
plus room and board. Colombia, S. A. 
Company also requires dredging super- 
intendent. Y2349(b). 

MINING ENGINEER with experi- 
ence in design, underground operations 
and map work. Salary open. West Vir- 
ginia. Y2390. 

MINING GEOLOGISTS with good 
technical education and at least two or 
three years’ experience, preferably with 
mining companies, Salary to start, about 
$3900 depending on experience. Mexico. 
Y2408. 


Book Reviews 
(Continued from p. 41) 


Engineers—High Priests of the 
Atomic Age 
Engineering the New Age. By John J. 
O’Neill. Ives Washburn, Inc., New 

York. 1949. 320 p. $3.50. 


Man, as engineer, has extracted 
many of Nature’s closely held secrets 
of the order and harmony which ex- 
ist in the universe. The engineer, as 
man, must now do an engineering job 
on the “new age,” combining social 
consciousness with his technical meth- 


ods and knowledge, to produce a more 
livable world. Mr. O'Neill, pioneer in 
science writing and now Science 
Editor of the New York Herald Trib- 
une, expounds a provocative philos- 
ophy, calls upon engineers to abandon 
the “executive” viewpoint and start 
finding “the solution to human prob- 
lems.” 

“Engineering is the art of the eco- 
nomic application of science to social 
purposes,” said AIME Past President 
Gano Dunn, and Mr. O'Neill quotes 
hira. But he realistically delves into 
the problem of underpaid engineers 
and those who “must be guided into 


surance,” so that they may serve the 
atomic age as they have served 
Rome’s emperors and the. Pharoah’s 
of Egypt—as high priests, into whose 
hands men willingly surrender their 
destinies. 


Library Service Bureau Rates 

A study of library operating costs 
has shown the need for increasing the 
rates on some of the services of the’ 
Engineering Societies Library to nvdke® 
them self-sustaining. The 


Literature searching (per hour) $5.00 
Translations (per hundred 
words) : 
German, French, Italian, 
Spanish 
Russian, Dutch, Portuguese 
Danish, Swedish 
Japanese, Chinese, Finnish, 
etc. Quotation on request 
Photostats (per print) $0.40 
Minimum charge per order $1.00 
Microfilm (per article from 


$1.50 


one volume) $1.50 
Book loans (per week for each 
volume) $0.60 


Members of the Founder Societies 
will continue to receive a discount of 
20 per cent on searches and on trans- 


lations, and a reduction of $0.05. on. 


each photostat print if the work is 
ordered for their personal use and 


paid by personal check. 
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Library“ 
Board has, therefore, authorized’ the...: 
following rates, effective June 1, 1948: ... 
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OPPORTUNITIES 


FOR SALE 


Allis-Chalmers 8’ dia. x 7’ long continuous ball mill or 
granulator with variable discharge diaphragm and drum 
feeder; manganese steel liner; 2”, 3”, 4” steel balls; com- 
plete with drive and 250 hp. motor 3/60/2200. Good condition. 

PERRY EQUIPMENT CORP. 
1517 W, Thompson St. Philadelphia 21, Pa. 


ATTENTION: 
MINING ENGINEERS—LIBRARIES 

Technical library, suitable for consulting engineer or train- 
ing school available at reasonable cost. Large numbers of 
books, texts, maps, surveys, reports, ete.; anthracite 
bituminous. Many. bound volumes of AIME, ASCE, etc., 
TRANSACTIONS, 1901-1947. Inquiries invited. Write: G. H. 
Enzian, 98 Pennsylvania Avenue, Oakmont, Penna. 


MANUFACTURERS NEWS 


Richard W. Berg has been appointed district manager of the 
Pittsburgh office of The Torrington Co. He will coordinate the 
company’s representation to the rolling mill industry through- 
out the United States. ; 

John Z. Linsenmeyer has been appointed manager of min- 
ing, petroleum and chemical engineering for the Westinghouse 
Electric Corp., succeeding Phelan McShane. Mr. McShane 


Morse Disc Filters 
more 


one 
centrate or materiel 


has been appointed consulting mining engineer. 

Broderick & Bascom Rope Co., St. Louis, has announced two 
changes in executive responsibility. Fred Zimmerman, Vice- 
President, who has been in charge of sales, will be director 
of sales, and J. J. Sieber has been appointed sales manager. 


(Continued from p. 42) 


Text for Petrologists 

Eruptive Rocks. 3rd Ed. By S. James 

Shand. John Wiley & Sons, New 

York, 1947. $7.50. 488 p. 

Reviewen sy T. P. THayer 

Professor Shand has succeeded ad- 
mirably in preparing a readable, well 
organized text for the advanced stu- 


dent and for reference by practicing 


petrologists. The treatment of the 
principal rock-forming minerals in 
the light of modern concept of ionic 
substitution, and the chapter on fugi- 
tive constituents of magmas, serve as 
4’ good foundation for the discussions 
of magmatic history — assimilation, 
crystallization and differentiation — 


that constitute about half the book. - 


Shand’s emphasis on assimilation in 
the genesis of various magma types 


ents—“mineralizers”—in magmas are 
well correlated with late-stage mag- 
matic effects and deposition of certain 
types of ores. The author fully recog- 
nizes our present ignorance regard- 
ing the origin of sulphide ores. It is 


. somewhat surprising, after arguments 


should help the student to evaluate _ 


the problems ,of petrogenesis which . 


Bowen explains, mainly by crystal dif- 
ferentiation... i, 
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pointing to a very low hydrous con-.:: 


tent in most magmas, for the author 
to accept serpentine magma appar- 
ently without question! 

Discussion of rock classification is 
limited to two chapters, and rock de- 
scriptions to four chapters at the end 
of the book. All students should ap- 
preciate Professor Shand’s efforts to 
keep rock names simple and deserip- 
tive, even though they may not ase 
his proposed system of symbols. 

Though some of the illustrations 
leave much to be desired, the bibliog- 
raphies at the ends of the chapters 
are very good. Professor Shand’s vol- 
ume merits careful consideration for 
a place on the bookshelf of every 


geologist at all interested in “hard 


rocks.” 
(Continued on p. 46) 


WEIGHT: only 31 Ibs. complete! 

} ONE-HAND OPERATION: simple, quick, convenient! 

> HIGH SENSITIVITY: detects Beto, Gamma and X-rays—both low 
and high intensities! 

> MANY OTHER FEATURES: Write for 
details on this sensational development! 
In addition to uranium prospecting, 

the “MX-8” is excellent for health protec- 


Prospecting. 
how, where. Send for your free copy today. 


Beckman Instruments 
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SEND FOR THIS FREE INFORMATION 


for more accurate cutting. The results 
are higher grade concentrates, leaner 
tailings and fewer middlings for recircu- 
lation. This means more tons of new 


scribes the economies of the Hydrotator 
method; also data on other Wilmot coal 
preparation equipment. 


7 FILTERS—Morse Bros. Machin- 
ery—These filters are fully automatic 
and continuous in operation. They are 
manufactured in a large variety of sizes, 
precise in manufacture and correct in 
design to perform with lowest cost per 
ton of material filtered. Drum filters 
from 9 to 500 and disc filters from 22 up 
to 800 sq. ft. filter surface for all charac- 


8 TURBINE PUMPS — Layne & 
Bowler, Inc.—When it comes to the 
question of economical mine de-water- 
ing, those big Layne Vertical Turbine 
Pumps chalk up a real money saving 
record. They are keyed up for the highest 
large quantities of water at an amaz- 
ingly low-operation expense. Further- 
more, they are built to take real pun- 
ishment and still keep up their high 
production records. Hundreds are in use 
and the manufacturer says that not one 
has failed to make good on its task. 


9 MATERIAL HANDLING MA- 
CHINES — Sauerman Bros. — What- 
ever your materiale—ore, coal, boulders, 
sand, gravel, clay—you can move it fast 
and efficiently with a long range Sauer- 
man machine of either cableway or 
scraper type—at a great saving in cost. 
Any mechanic can operate it. Upkeep 
is simple. Machine is flexible; range is 
easily extended. Sturdy design and con- 
struction for long, dependable service. 
Electric, gasoline, diesel or steam power. 
Send for catalog with valuable material 
handling data. 


10 TRACTORS—Caterpillar Tractor 
Co.—“Clearing for Action,” a 15-page 


11 ROTARY POSITIVE BLOWERS 
—Roots-Connersville Blower Corp.— 
A new Bulletin 22-23-B-13, on rotary 
positive blowers, outlines in its foreword 
some of the principal uses for these blow- 
ers which had their inception in 1854 
by the Roots brothers. 


12 EXCAVATOR — Harnischfeger 
Corp.—Copy of a new bulletin, X71-2, 


covering the P&H Model 255A % yard 
excavator is now ready for distribution. 
It embraces 24 pages, is printed in 2 


15 DIESEL ENGINES AND 
POWER UNITS—International Har- 
vester Co.—A 24page catalog covers 


oil in the reservoir has been used. 


17 ALLOYED IRON AND STEEL 


MANUFACTURERS 
1 WIRE ROPE—Wickwire Spencer 
—Thousands of wire rope users have 
found that the information packed in the 
pages of “Know Your Ropes” has made colors, and contains many photographs 
their work easier. It’s full of suggestions of the machine equipped as a shovel, 
usage of wire rope. This 82-page book is and pile driver. 
free. 13 MAGNETIC PULLEYS—Stearns 
Magnetic Mfg. Co.—Bulletin 350 de- 
2 BALL MILL GRATES—American scribes a new line of permanent mag- 
Manganese Steel—If you think that netic pulleys. The pulleys are nonelectric, 
vom mill grates, liners or feeder lips are require no wiring or electrical connec- 
All 6710 pherie and operating conditions for sate- 
a ; matic removal of tramp iron, reclamation 
Amsco alloy steels in metal mines and of secondary metals, and for separating 
mills are described in Bulletin 743-M. magnetic and non-magnetic materials. 
This now Ce., Inc.—Of considerable interest to 
has achieved unique success in coal the engineering profession is a 65-page 
cleaning and can be adapted to the con- booklet, designated as bulletin 2400, de- 
centration of other nonmetallic or metal- scribing the cement gun and its appli- 
lic ores that are amenable to separation covery the peintipal ‘wasp ‘ef 
by gravity methods. Bulletin 2101. “Gunite” and is profusely illustrated. In 
the last few pages of this bulletin are 
4 MOLY CAST IRON — Climax 
Melybdenum Co.—Some high pressure 
steam valves are made of cast iron con- 
taining 3.10% Total Carbon, 2.45% Sili- 
con, 0.75% Manganese with 0.75% 
Molybdenum added. This composition, 6 diesel engines ranging from 39 to 180 
and hundreds of other examples of the hp. Design features are shown through 
economical application of Molybdenum many sectional views and performance 
cast iron, are to be found in a new book- charts reveal brake hp, torque, and fuel 
let, “Applications of Molybdenum Cast consumption at various engine speeds. 
Irons." Specifications, dimension data, and a list 
of attachments are also given. 
16 AUTOMATIC LINE OILER— 
Diagonal Deck Tables i ate Gardner-Denver Co.—Information is 
ductivencss of your Se aillan available on a line oiler that protects 
by the simple fant of lates te against operating rock drills or other 
circulating load. By placing 75% more air-ectuated equipment, without adequate 
working riffles in the path of material lubrication. oe 
matic evice uts 
illustrated booklet, describes clearing [ee 
methods for reclaiming productive agri- 
cultural land, construction sites, mine [ee 
feed per day. Bulletin 118-A. and quarry operations, and housing —The International Nickel Co., Inc. 
projects. Form 11796. —“Notes on Alloyed Iron and Steel” is 
pe the title of a new 40-page booklet. It is 
6 “HYDROTATOR” SEPARATION a collection of selected “case histories” 
—Wilmot Engineering — Tremendous on problems involving materials of con- 
post-war engineering advancements have struction which were originally published 
been made in the Hydrotator method of as Questions and Answers in Nickel 
separation. Hydrotators ees Steel Topics or Nickel Cast Iron News. 
Classifiers are now availab ean- 
ing all sizes of anthracite, and in a com- 18 AERIAL MAPPING—Aero Ser- 
range prepara- vice Corp.—Offers catalogs or literature 
ijtuminous its varied aerial mapping set- 
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cussed are used in highway design, plant 
engineering, industrial development, com- 
munity planning, geological explorations 
and prospecting for oil or minerals. 


19 CENTRIFUGAL PUMPS—A. R. 
Wilfley & Sons—Many new mechani- 
cal improvements, developed over a 
period of years, are now incorporated in 
our new models. Interchangeable rubber 
parts available. An economical pump- 
size for every purpose. 


20 GRINDING, CONCENTRATING, 
CLASSIFYING EQUIPMENT— 
Hardinge Co.—Bulletin 100-2 describes 
a complete line of mining equipment. 


21 HYDROSEAL PUMPS — Allen- 
Sherman-Hoff—Many companies repeat 
orders for Hydroseal Pumps. Hydroseal- 
ing saves 1/3 to 1/2 in power costs and 
with Maximix Rubber Pumping Parts, 
maintenance is reduced 4 to 6 times. 
These pumps are described in Catalog 
547. 


22 ORE BENEFICIATION EQUIP- 
MENT—Allis-Chalmers Mfg.—Many 
of the iron ore preparation plants already 
in operation use Allis-Chalmers equip- 
ment to increase production. As 3 tons 
of low-grade ores have to be processed 
to produce one ton of concentrate, pro- 
ducers must step up the scale of mining 
to make low grades pay off. And that’s 
where Allis-Chalmers can help. Reprints 
describing this equipment are available. 


23 PORTABLE SURVEY INSTRU- 


ments, the El-Tronics SM3 radiation 
survey instrument combines rugged 
lightweight construction with the high 
sensitivity of delicate laboratory equip- 
ment. 


24 “MINERAL DRESSING NOTES” 
—American Cyanamid—Part of Cy- 
anamid’s service to metallurgy is “Min- 
eral Dressing Notes,” a publication is- 
sued whenever new technical data on 
reagents and processes becomes avail- 
able. 


25 FLEXCO HD BELT FASTEN- 
ERS—Flexible Steel Lacing—Bulle- 
tin F-100 shows how to make tight butt 
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joints in conveyor belts with Flexco HD For the complete story write for a copy 
by 


of the new 36-page catalog, Form 4091. 


30 SHOVEL LOADERS, SLUSH- 
ERS, DRILLS, ETC.—Joy Mfg— 


26 DIAMOND CORE DRILLS—E 4“ “mplete line of mining equipment 


and world-wide service. Descriptive bu- 
letins available on a broad range of 
mining equipment. Circle number 30 on 
the reply coupon. 


31 FLOTATION INDEX — Dow 
Chemical Co.—To maintain the most 
complete, authoritative guide to published 
mercial on the flotation process, ask 


fer ¢ of the 19th addition to the 
27 HIGH-SPEED SYNCHRONOUS copy 
MOTORS —General Electric Co.— Flotation Index. 


show you in detail the cost-cutting ad- 32 TRUCO DIAMOND DRILLING 
vantages of their new Tri-Clad highe PRODUCTS—Wheel Trueing Tool 
speed synchronous motors. Now you can Co.—An interesting and informative new 


for your toughest ore concentrating 32-page catalog of Truco Diamond Drill- 
i motors ing Products wili soon be available. Re- 
protection features. serve your copy now. Diamond drill bits 
more data ask for Bulletin GEA- for mining one of the products described. 


33 MARCY MILLS—Mine & Smelter 
Supply—On most ores, depending part- 


28 FIRST-AID MINE EQUIPMENT jy on hardness of ore and size of feed, it 
—Mine Safety Appliances Co— as been proven time after time that 
Large and completely equipped miners’ Marcy low pulp line grate discharge in- 
creases tonnage capacity 30% to 50%. 


34 SURVEYING ALTIMETERS — 
American Paulin System—The newly 


Rand—More than two years of actual in a booklet “Origin and Development 


the CARSET jackbit can do—under all being widely used by leading field engi- 
drilling conditions, in all kinds of rock. neers and geologists. 
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29 West 39, New York 18, N. Y. 
Sead information as circled below: 
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topographic and planimetric maps from 
an aerial photographic base, precise 
aerial mosaics, airborne magnetometer step the latest practice in repairing rips 
surveys for ore and oil, and both plastic and putting in patches. 
J. Lengyear Co.—Core drilling is the 
most dependable method of proving up 
your mineral values. You will find the 
Pioneer Straitline well suited for this 
purpose. Bulletin 69 will tell you how 
to core drill your properties with Pioneer 
Straitlines. 
Your nearest G.E. representative will 
get, 
and 
with 
For 
5113. 
contest M Catalog 101 presents the evidence. 
ing stretcher outfits. Descriptive bulle- a 
tins on request. 
29 CARSET JACKBITS—Ingersoll- 
SSS SSS HSS SSS SSS 
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4 
specifically for field use in measuring 1 
radiation intensities from radioactive ele- : 
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Mijnbouwkundige 

The above word is not a typesetter’s 
error, but the Dutch term for mining, 
and it’s a good selling point for a 
new book published in the Nether- 
lands, called “Mining Nomenclature.” 

The 435 page volume contains, in 
five languages, most of the technical 
terms used in both mining and petro- 
leum industries, arranged systemati- 
cally, and then alphabetically, for 
easy reference. This knowledge of 
Dutch, French, German, Spanish and 
English can be provided by Tice & 
Lynch, 21 Pearl Street, New York. 
for about $5.50. 


The Illinois Story 

The proceedings of the 56th annual 
meeting of the Illinois Mining Insti- 
tute have just been published, include 
six technical papers presented at the 
November sessions in Springfield, and 
ten reprints of important articles on 
mining technology published during 
1948. The 234page volume is well- 
peppered with a rich assortment of 
material on cleaning plants, dryers, 
power, roof supports, haulage, and 
methods of coal preparation, and 
everything is profusely illustrated. 


One hundred and fifty-six pages of — 


pertinent advertising and a directory 
of Institute members complete this 
well-prepared record. 


Reports on Idaho 

Idaho’s Bureau of Mines and Geol- 
ogy has issued two pamphlets, each 
describing the geology of a different 
section of their state. Pamphlet No. 
82, “The Geology of Part of the South 
Slope of the St. Joe Mountains,” pre- 
sents geological information about 
some of the lesser known districts, in- 
cluding the Slate Creek, Black Prince, 


and the southern half of Placer Cen- - 


ter mining districts of Shoshone 
County. 

Pamphlet No. 83, entitled “Silver- 
Gold “Deposits of the Yankee Fork 
District, Custer County,” sheds light 
on the geology and deposits of this 
once-famous and highly productive 
district, about which the Bureau has 
had numerous requests for informa- 
tion, 

The ett are 75 cents apiece, 
from the University of Idaho, Moscow. 

(Continued on p. 47) 
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G. CANNING BARNARD 
Mining and Geological Consultant 
East and Central Africa and the Rhodesias 
P. ©. Bex 705 Nairobi, Kenya Colony. Tel. : 5319 


BLANDFORD C. BURGESS 
Mining Engineer 
Minerals Specialist 


A. COLLINS 
ining Engineer 
Dredging Cable “‘Coins’’ 
210 La Arcada Bldg. 
Santa Barbara, Calif. 


‘onsu g Geological Engineer 

CERAMIC RAW MATERIALS and 

INDUSTRIAL MINERALS 
523 


P. 0. 
Custer, South Dakota Austin Texas 


PAUL F. DEISLER 


Member : N.A.C.A., A.M.A. 
820 Mills Bidg. El Pase, Texas 


EDWIN 8S. GILES 
Consulting Mining Engineer 
In Goldfield since 1905 


Goldfield Nevada 


CARLTON D. HULIN 
Mining Geology 
26th Floor San 


4 
Shell Building California 


LEDOUX & CO. INC. 
Assayers 
Shippers ~ ser “4 at all seaports 
a the United 
155 Sixth = 


T. E. LLOYD 
Sintering Consultant 
Room 3700 
Wh. 4-2200 New Yau 5. 


Toronto, ; Vietery 
New York, N. Y. 2 


JOSEPH T. MATSON 
Braminations—Appra 


P. O. Box 170 Santa Fe, New so 


CLAYTON T. McNEIL, E. M. 
Mine Examination, Reports, Supervision, 


SAN “Francisco CALIFORNIA 


ARNOLD H. MILLER. 
Consulting Engineer 
Mine, Mill and Industrial Investigations 


Improvement Des and R tions 
Cable: “ALMIL” - Cortlandt 


WILLIAM A, O’NEILL 


Professional 


Space limited to AIME members. or to companies 
One inch, $40 per year; halj 


RODGERS PEALE 
Consulting Mining Geologist 
st. 


315 Montgomery 
San Franeisee 4, Calif. 


ti 
7 F York 
MILNOR ROBERTS 


The Pacific Northwest, British Columbia 
nd Alaska 


a 
4501 15th Ave., N.E. Seattle, Wash. 


HARRY M. RYDER 


Petroleum reservoir fiuid movemest 
investigations 
#418 Cumberiand Ave., Wash. 15, D. C. 


PAUL F. SCHOLLA ASSOCIATES 
Mineral Mining — 


1025 Connecticut Ave., N.W. Washington, D, C. 


SEWELL THOMAS 
Consulting Mining Engineer 
Plant Layout, Design, Detailing, 
Mechanization, Mining Methods 
380 Gilpin St., Denver 3, Cole. 


WM. HUFF WAGNER 
Mining Engineer and 
Ezaminations, Reports and Appraisals 
63! Tewer Building ~ Washingtes, BD. C. 


ng 
Management, Beeminations 
146 Se. West Temple St., Salt Lake City |, Utah 


JOEL H. WATKINS 
Mining Geologist 
INDUSTRIAL. 
c. 


Georgetown, Colorado 


WALKER & WHYTE, INC. 


B. B. R. DRILLING CO. 
Scenery Hill Martins Ferry, O. 
Diamond Core Drilling 

Contractors 
Mineral Foundation 
Cores Guaranteed Testing - 


BOOTH ENGINEERS 


LIONEL E& BOOTH, MANAGER: 
Consultants in Metallurgy * Ore Testing 
Plant Operation * Process and Equipment 
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